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JMEDICINE IN THE NATIONAL DEFENSE PROGRAM 

Ira in Adelr, jM D 
LotisMiir, K\ 

Since thi: mlmuers of the Soutlicin Singical Association aie all inem- 
beis of the American Medical Association. I felt that you \\ould be inteiested 
in knowing of the woik of its Committee on Mihtar\ Piepaiedness This 
Committee was appointed at the session of the Jloiise ol Delegates in New' 
Yoik in June, following a request of the Surgeons-Geneial of the Aim}, 
Na\}, and Public Plealth Scr\icc that the American Medical Association 
undertake a sur\e} of the profession in the United States legaiding the 
qualifications and availabihu of its membeis foi seivice 

There are 179,000 doctois entitled to piactice in the United States b} 
means of legal rcgistiation, and a questionnaire was sent to each of these 
Between 140,000 and 145.000 aie m actne piactice, wdiile the lemaindei 
ha^e retired because of age disabiht}, 01 having sought othei pin suits So 
far, 125,000 replies have been lecened, of which ovei 75.000 have been 
transferred to punch-cai ds These punch-cards contain the information 
furnished by the questionnaires, and b} using them m the International 
machine, one may in a few minutes get a list of qualified men 111 any given 
blanch of medicine This w'oik has been undei taken b} the Ameiican Medical 
Association as a patriotic contiibution to the National Defense Progiam, 
and has entailed the employment of an additional 16 peisons m the Ameiican 
I'kledical Association’s office It is hoped that wnthin tw'o or three months in- 
formation will be at hand upon eveiy doctor in the countiy The only 
exemption in the Selective Seivice Act applies to students of theology and 
accredited ministers of the gospel Deferments wull be made to students in 
accredited schools, pursuing a couise of study leading to a degiee in Arts 
and Sciences, and, also, to those wdio occupy essential positions in their com- 
munity In ordei to effectively safeguaid the health of the population and 
to furnish medical seivice to the aimed forces, the medical piofession feels 
very strongly that medical students should be pei nutted to finish their under- 
giaduate education and, at least, one year of inteinship before being in- 
ducted into service The Selective Service Act, however, piovides deferment 
for students only until June, 1941 , after that date any deferment granted 
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to medical students, to mteins, and to lesidents, will be the responsibility of 
the local Diaft Boards While doctois should he willing to make such 
adjustments as may he needed in the event of an emergency, it would he 
unfoitunate if m the Defense Piogiam the classes of medical schools, the 
teaching piogiam of medical schools, and hospital seivice should he disiupted 
by an undue numbei of students, interns, and lesidents being called into 
seivice This can be avoided only by applying to the local Draft Boards 
and to the Appeal Boaids foi the defeiment of those essential to these three 
activities Theie aie appioximately 15,000 members of the hledical Reserve 
Corps, and these will he laigely drawn upon to furnish medical seivice for 
the hist inclement of selectees It is estimated that by July, 1941, the 
total stiength of the aini)’’ will he appioximately 1,400,000 men, for which 
the sei vices of 10,000 doctois will he lequiied The length of service of 
the vast majority of doctois uill he one 3'ear, at the end of which time they 
will be transferred to the Reserve Corps on an inactive status The in- 
formation being gatheied by the Militaij^ Piepaiedness Committee of the 
American Medical Association wnll make it possible to employ the services 
of doctors in positions foi which their tiainmg and qualifications fit them, 
and thus to avoid some of the mistakes and misfits which occuried m the 
Fust World War 

The major objectives of the suivey aie to piovide medical service for 
the armed foices, to provide medical seivice foi industrial mobilization, and 
to provide continuing medical seivice foi the civilian population In the 
First World War moie than 32,000 physicians voluntarily served wnth the 
armed foices In the event of wai coming to our country again, the pro- 
fession will similarly give of its members a sufficient number to meet the 
needs of the Aimy, Navy, and Public Health Service Furnishing medical 
service to the rapidly expanding industrial plants piesents many difficulties, 
it wall be no task to supply doctors wdio aie fully competent to care for 
mdustiial injuries, but it is quite another problem to supply doctors familiar 
wuth the toxicologic problems of mdustiy Practically all of the metals, 
many of the solvents, such as benzol and tuluol, and many chemicals used 
in industry are capable of producing lather disastious toxic effects upon 
the human organism To effectually control these hazards requires the 
coopeiation of the physician who is familiar wnth the problems and the 
safety engineer who undei stands methods of pievention Continuing the 
service to the civilian population through hospitals and through men in 
various fields of practice is essential if the health and w^elfare of the civilian 
population IS to be piotected 

On September 19, 1940, Piesident Roosevelt appointed a Health and 
Medical Committee, a subcommittee of tbe National Defense Council, its 
members are Surgeon-Geneial McGee of the Aimy, Surgeon-General Mc- 
Intyre of the Navy, Surgeon-Geneial Parran of the United States Public 
Health Seivice, Di Lewis Reed, Chairman of the Medical Division of 
the National Research Council, and your humble servant, representing the 
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cnilian piofession The duties of this Committee aie to advise the National 
Defense Council on health and medical matteis afifectmg National Defense 
and to cooidmate all health and mediCcd efloits The Medical Division of 
the National Reseaich Council has at piesent 38 committees, each study- 
ing some pioblem in its lelationship to Militaiy Medicine, such foi instance 
as shock chemotherapeutic tieatment of A\ounds, blood tiansfusions, aviation 
medicine tubeiculosis, neuiopsjchiati}', nutiition, etc The Health and 
jMedical Committee has appointed subcommittees on dentistiy, medical 
education, hospitals, musing, mdustiial licalth and medicine, and Negio 
health An effoit has been made to sccuie the adMce and help of those 
^\hose qualifications 111 their lespective fields entitle them to seive with 
advantage to the countn 

It gnes me much pleasuie to giatefully acknowledge the unanimous ofter 
on the part of the piofession at laige of the \aiious National and Special 
Medical Societies, of the hospital gioups, m fact of all agencies 1 elating to 
health and medicine to coopeiate fulh and fiecU in the Defense Piogiam 

This paper was road before the Fift\-thnd \niuial Session of the Southern Surgical 
■Association Hot Springs, Va , December 10, 11, 12, 1940 




SCIENCE AND HUMAN PROGRESS— IV 

Radium and Atoms 

Dalton S Atomic Theory and McndclcclT s Periodic Law developed 
the idea that all matter w'ls composed of a limited number of kinds of in- 
divisible building bricks, known to us as the atoms of the elements, out 
of w'hich all things are constructed While these concepts were indispensable 
as stepping stones to a better understanding of the structure of matter they 
seemed to close the door to the possibility of anything outside of the material 
The discovery of radium smashed these bricks and transformed them 
into little constellations w'lth a central nucleus, about w'hich revolved elec- 
trons at infinitesimal but relatively great distances from the nucleus This 
opened the door to a better understanding of forces, probably enormously 
more important to the ultimate destiny of Man than the material benefits 
which have already so magnificently followed the discovery of radio-activity 
in all Its present applications The unbelievable results derived directly from 
the discovery of roentgen rays are too apparent for emphasis 

— A Cressy Morrison, Transactions of the New York Academy of 
Sciences, Scries II 2 , No 3 , January 1940 
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THE TREATMENT OF FRESH TRAUMATIC WOUNDS 
Mont R Reid, M D , 

AND 

B Noland Carter, MD 
Cincinnati, Ohio 

FROM THE DEFAUTMENT OF SlRQFIll COIEITF OF MFDICINE CM^FTISITI OF CINCINNATI AND THE 
CINCINNATI rUNFIlAL HOSPITAL CINCINNATI, OHIO 

The successful surgery of traumatic wounds is far moie exacting of 
judgment, skill, and time than is elective siirgeu This is readilj' under- 
standable because in the case of such wounds the surgeon begins his vork 
with damaged, soiled, and contaminated tissues lathei than nitli healthy, 
clean, and steiile tissues which he encounteis m electue surgeiy It is to us 
totally nonundei standable that this difficult pi oblem elicits so little real interest 
on the pait of leadeis of surgeiy in this countrj and is commonly delegated 
to the younger inexperienced surgeons to deal with hurriedly This erroneous 
attitude may, m a laige measuic, be due to the fact that traumatic wounds are 
not made by the suigeon (at least they are not supposed to be) and, thus, the 
responsibility for the result can so easily be blamed upon factois other than 
the judgment and skill of the suigeon It is not only easy but a great tempta- 
tion for a surgeon to ease his conscience by ascribing to God or influences 
beyond his control his tragic lesults of tieatment of tiaumatic wounds The 
reverse attitude is, of course, the coned one, the fact that the surgeon did 
not make the wound should be a supei challenge to him to use the greatest 
judgment and skill which his knowledge affords him and his poor results 
should nevei fail to hurt his pride and teach him something 

We want to pursue this thought a little farthei, before going on with our 
papei, by citing a few glaring examples of what we have been discussing 
While the most trivial elective surgical pi oblem is being treated in the mam 
opeiating room under the most iigid surgical precautions, you -will often find 
far moie serious, soiled and contaminated traumatic uounds being treated 
improperly, under trying and questionable cii cumstances, m the Out-Patient 
Clinic Is theie any logic in this when, with the exeicise of more care, 
patience, and skill, under the conditions obtained in the general opeiating 
room, such wounds may be made to approach the cleanliness and steiility of 
the electue case’ The answer is unequivocally “no,” when the duty, con- 
taminated uound is on your son oi the son of any other doctoi who knows 
not only the impoitance of but the surgical skill requiied for rendeiing the 
propel toilet and repair of such wounds 

Recognizing the tendency as well as the temptation to extend the sei vices 
of the accident room to include so-called minor tiaumatic wounds which we 
do not at all regard as minor, we have found it advisable to make certain 
rules legardiiig the cases which may or may not be treated in the accident 
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department Foi example, no open wounds which may have involved tendons, 
nerves, bone, impoitant blood vessels, oi may have pieiced any of the cavities 
of the bod} can be tieated there Except foi the contiol of hemonhage, m 
the perfoimance of vhich A\e deciy the use of the tourniquet, and the general 
tieatment of shock, A\e demand that such wounds be iigidly left alone until 
the piopei t}pe of treatment can he earned out in the mam opeiatmg lOom 
The wound is simply coveicd with di} gauze and immobilized until the 
operating i oom is i ead} and the patient is in condition to be taken there Any 
half-heaited attempts at the cleansing or sterilization of such w'ounds in the 
accident room is strictl} foi bidden It is inexcusable to yield to the temptation 
to pull a piotiuding end of hone back beneath the skin In othei w'ords, we 
belie\e the first chance at the toilet of a tiaiimatic wound is the all-important 
chance When a surgeon secures this chance w ithin the pei lod of contamina- 
tion (six to eight hours), we aie not very sparing of our ciiticisms if he 
attempts to secure piimary healing of the wound and fails 

We ha\e come to behe\e in, and have adopted, ceitam fundamental prin- 
ciples regarding the tieatment of tiaumatic wounds Most of them are very 
old and the value of many of them was first clearly demonstrated during w^ar- 
time experiences It ma} be w'cll to review' hi lefly those principles 

(1) Hcvwsfosis 01 the contiol of hnnoi ihage is ceitainly the oldest and 
one of the most fundamental Its importance was obMous and remains so 
to-day It appears to us, now, that foi centuiies this was about the only w'orth 
w'hile principle clearly m the minds of those wdio ti eated w'ounds even though 
their eftorts to practice it were often haimful and inhuman In the light of 
our present knowledge, it seems that their eftorts to piomote w’ound healing, 
by ointments and concoctions, could have been of little or an} benefit 

(2) The pi cveiition of, oi the ehnnnatwii of, neciotic tissue, debus, and 
foieign bodies in zoounds w'as the next fundamental principle of w'ound tieat- 
ment to emerge It is true that Paiacelsus, and othei s had lecognized it but 
It was Pare, wdio, over 400 years ago, brought it forcibly to the attention of 
the medical profession He stopped many of the effoits to control hemor- 
rhage, w'hich w'ere violating this pimciple The importance of this piinciple 
was immeasurably strengthened and the technic of observing it vastly im- 
proved during the World War (1914-1918) It is now firmly established 
under the name of ‘^‘^debi idenient ” 

(3) The value of 1 esf 01 immobilization of wounds was particularly 
stressed by Baron Larrey in the Napoleonic w'ars In recent years, a revival 
of interest in this principle of therapy has been due largely to Winnett Orr 
and Koch , its value was unquestionably demonstrated by the Spanish military 
surgeons, particularly J Tiueta, during their lecent civil wai What is not 
yet as generally recognized 01 practiced, as it should be, is that immobilization 
is just as valuable in the tieatment of soft tissue wounds as it is m the treat- 
ment of wounded bones 

(4) Effoits to contiol infection in, 01 to eliminate contamination fioni, 
flesh tiaumatic wounds does not justify the use of substances which aie injuii- 
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Otis to living cells This we know is a debatable point, and we state, for what 
It IS worth, oui position, ^^hlch is that we know of no antiseptics which we 
are willing to put into fresh ounds 

(5) The pi esci-vation of a piopei blood supply to wounds is vitally impor- 
tant and not only from the mere necessity of trying to avoid sloughing When 
our conception of this pimciple is enlarged from the narrow one of the actual 
amount of blood flowing to the tissues of a nound to include the character 
and quality of blood supplied to the wound, theie aiise considerations not 
di earned of until within recent yeais These involve the use of blood, blood 
plasma, fluids, electiolytes, vitamins, proteins, etc , all in an effort to restore 
to the patient and, consequently, to his wound an essentially noimal blood 
which we know to be a great aid to wound healing Besides, there are rela- 
tively simple means of determining the deficiencies of these \ ai lous substances 
111 the blood We must know them, we must use them whenevei possible, ne 
must learn more accuiatel}' to recognize clinically these deficiencies nhen the 
laboratoiy aids are not at our command 

(6) It is essential to have some clear-cut conception of the difference 
between bacteiial contamination and bacteiial infection of a traumatic wound 
The former we regard as a surface involvement with lery little bacterial 
piohferation 01 invasion, the latter as an invasive piocess w'lth definite bac- 
terial piohferation 

(7) Flesh zuoiinds, suigical 01 tiaumatic, aie laiely, if cvei , absolutely 
flee of bacteiia, then stei ihzation is 1 dative 

(8) Giaiiulation tissue is essential to the healing of all loounds In the 
absence of the body surfaces’ normal piotection, it is nature’s best piotection 
against infection 

(9) The healing of wounds is bi ought about by the giozuth and activity of 
living cells, save foi zuhat is accomplished by conti action Some knowdedge 
of tissue culture makes this principle fai more valuable and understandable 

(10) Tetanus and gas bacillus antitoiin should be used prophylactically 
whenevei the natuie of the wound and the severity of its soiling indicate their 
use Heie it is difficult to make any haid and fast rules With us, the matter 
IS largely determined by our satisfaction wnth the thoioughness of the debride- 
ment or the toilet of the w'ouiid When we feel justified in an attempt at 
primary closure of the w^ound we aie less inclined to use either one of them 

( 1 1 ) More or less as coi ollaries or amplifications of some of the above 
principles, it should be stated that healthy living cells have a i eiiiai kable powei 
to combat bacteiia, that dead 01 devitalized tissues aie powei less against then 
onslaught , that prior to the lapse of six to eight houis the bacteria 111 a fresh 
w^ound may be considered as being on the surface of the w^ound and not 
invading the living tissue , that the position of a w’^ound may be an important 
factor in its blood suppl)^ , that dressings and the temperature may influence 
the blood supply and the grow'th of living cells, etc 

This declaration of faith in ceitain principles wdiich guide us in the treat- 
ment of tiaumatic wounds is not sufficient, for it is obvious that a slave-like 
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clcxotion to some of them cannot help hut mean a saciifice of ceitam otheis 
Foi instance, the oaci zealous cle\otec of hemostasis can easily violate the 
pnnciples of cltMii idement It is, theiefoie, piopei that we should tell you m 
more detail how we attempt to make use of them 

hen the patient is hist seen, no attempt is made to do aii) thing to the 
wound except to contiol hemoiihage, if this is necessan We piefei to do 
this h} placing him piessuie on the wound wnth the hand, thiough the medium 
of a steiile di\ sponge while at the same time ele\atmg the part If theie is 
a rather laige actne hleedei, this can often he stopped b\ chiect piessuie wnth 
the point ot the finger until a hgatuie oi clamp can he applied to it Some- 
times mediate inessuie with the hngei on the mam aiteij aw a} fiom the 
wound will accomplish the same thing We piefei, if possible, nevei to use 
the touimquet simpl\ foi the emeigency contiol of hemoiihage, unless upon 
so hadh mangled cxtiemities that the\ must obviously be amputated Then, 
the touimquet is ])laced so close to the wound that theie will be little oi no 
unnece‘^sar^ loss of the jiait when the amputation is done Dm mg the contiol 
ol the hemoiihage if theie is othci a\ailable piofessional help, the degiee of 
shock should he assayed and eftoits set m motion to combat it Whth these 
things accomplished oi undeiwa\ it is time to take “time out" and considei 
caiefulh what the next stejis should he The suigeon might ask himself 
innumerable questions 

What does this p.iticnt s condition wan ant doing ^ Is it safe oi wnse to 
rcmo\c the patient to the hospital, oi fiom the accident room to the opeiating 
room, and how shall the wound be immobilized dining the piocess^ If 
serious shock has been combated will theie be similai means of combating it 
(blood plasma, fluids etc ) at the destination of his tiansport and dm mg any 
opeiation which might be decided upon theie’ Is it being boine m mind that, 
though this patient has at the moment been brought out of shock, he can go 
back into shock w'lth alaiming lapidity during manipulation oi opeiative 
procedmes’ If it is assumed that the wound and the patient’s condition 
justify some opeiatue procedme then one should ask himself some other 
questions Shall this w'ound be i egai dec! as contaminated oi as infected ’ Is 
It a simple incised wound w’hich needs only cleansing and lepau’ Is it so 
soiled and traumatized that it should be completely excised (debiidement), 
cleansed, and piimaiily closed oi skin giafted’ Aie theie damaged vital 
stiuctures such as neives, tendons, and blood vessels wdiich will prohibit a 
complete debridement but wall peimit sufficiently satisfactoiy cleansing to 
justify prepaiations foi an attempt at delayed piimaiy sutme or giaftmg’ 
Are the nature of the wfoiind and the cii cumstances of its occui rence such that 
only the points of entiances and exit should be tieated and the w^ound im- 
mobilized’ Is the wound so obviously infected and soiled that it should be 
treated only with the idea of secondary closuie, of latei skin giaftmg on the 
granulation tissue, oi of allowing it to heal spontaneously’ Aftei deciding 
what is ideal, the suigeon must decide what is piactical with the facilities at 
hand and the conditions undei wdiich he must woik 
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With a belief in the fundamental principles of treating fresh traumatic 
wounds as we have enumeiated them, we do not often have any difficulty m 
answeimg the above questions so far as the wmund is concerned With 
facilities for determining the hematociit reading, the blood proteins, the fluid 
and electrolyte needs and with blood, blood plasma, and other solution ahvays 
ready for immediate use, the answ’er to these questions from the point of view' 
of the patient’s status is not neai ly so difficult as it used to be 



Let us take a few' examples to illustiate in more detail just w'hat we do 
w'lth different types of ivounds 

{i) A simple incised and contaminated zooitnd By this we mean a w'ound 
of less than eight hours’ duration m which theie is no discernible damaged or 
devitalized tissue which requires debridement 

The operatoi scrubs up and puts on gloves A di y sponge is placed in the 
w'Ound so that it will not oveilap the edges The skin in the field of opera- 
tion is shaved, then thoroughly scrubbed w'lth soap and water for ten minutes 
up to tbe edges of tbe wound, all gicase and diit having been removed with 
benzine or ether The skin is now' cleansed with alcohol and ether, and then 
painted w'lth tincture of merthiolate None of the benzine, alcohol, ether or 
merthiolate is permitted to enter the wound Gloves are changed and the 
w'Ound draped as though foi a sterile operation The w'Ound is then anes- 
thetized W'lth novocain introduced w'cll away from the w'ound Following 
this, the sponge is removed and everj' recess of the w'ound carefully inspected 
for foreign bodies w'hich should be removed If there is no grease or staining 
of living tissues which may require the use of soap and w'ater, the w'Ound is 
carefully w'ashed with noimal salt solution, using the gloved finger for gentle 
rubbing of the raw' surfaces When the cleansing is complete so that all 
tissues look clean, healthy, and normal, the wound is again copiously irrigated 
W'lth normal salt solution The skin is again dried and recoated w'lth merthio- 
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late Glo\cs aie aq:ain changed and new di apings applied light up to the 
edges ot the wound The lepaii of the necessan deep stiuctuies and of the 
skin IS made thioughout with silk sutures It should be added that a mini- 
inuin amount ol silk is used for the hgatuies of blood vessels and the sutuimg 
ot fascial planes Se\eied tendons and neives, and occasionally laige blood 
\cssels aie accuiateh aiipioximated with it Aftei closuie ot the skin, which 
mar he In piimai} siituie oi with the aid of giafts and always wnthout chains, 



the wound is diessed with a moist saline gau/e and, if possible, completely 
iminobih7cd The wound is not dressed until theie is some indication foi 
doing so This might he at the end of three da}S oi moie than thice weeks, 
depending upon the possible haim of movement incident to the diessmg The 
indications for dressing the wound are pain, unexplained fevei, impaned 
circulation to the pait hejond, oi the necessity of lemovmg stitches Blood 
or serum-stained dressings aic no indication that the diessmg should be 
changed 

(2) Delayed pinnaiy clotuic oj an incised leoiind of such duiaiion that it 
can 110 loncjci be icgaided as simply contaminated — one zuliich must be 1 e- 
gaidcd as infected although thcic is no evidence of active suppuiation, inflam- 
mation, 01 the foimation of gianulatwn tissue In this connection, it should be 
remembered that such wounds about the head and face may be legaided and 
treated as only contaminated for a much longer period of time than is the 
case when they occui m other paits of the body 

When, how'ever, a delayed piimaiy closuie is decided upon, the procedure 
IS as follow's The steps are exactly the same as just described above, up to 
the point of repaii of the wound Instead, it is packed loosely in all its 
recesses wnth moist saline gau/e wdiich is covered with gutta-percha to keep 
it moist It IS then immobilized for 24 or even 48 hours On the removal of 
the gauze pack, if the wound appears healthy, clean, and unmflamed, it is 
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lepaned as though the delay had not occuiied If it is obviously infected or 
otheiwise unfit foi closuie, the suigeon’s couise should be planned towaid 
seeming healing with the aid of an open gianulating surface 

This delayed piimaiy closuie is often a useful pioceduie uhen what would 
otheiwise he a piimaiy closuie has to he teiminated because of the patient’s 
condition 



( 3 ) Ticaiiuent of the supei fictal point oj cnti ance o) the points oj enti ance 
and e\it oj a zvoiind phis iininohilnsation Quite often in civil life and to a 
lessening extent in military life, theie wull occur stab, iifle 01 pistol wounds or 
even fractuies, compounded from wuthm, undei conditions which wan ant 
local tieatment of the puncture wounds only, the remainder of the wmund 
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being undisturbed \\ c need not elaboiatc upon this point foi we aie all aware 
that the cleanliness ol the patient the type of his clothing, the kind of bullet, 
the absence of iiijui_\ to bones tendons nci\es cfc , aie the piinciple detei- 
mining faetois As an example ue cite a Chinese uai expeiience in ^\hlch 
c\ci\ bullet 01 knile enteicd the bod\ encased in ^^ool earned in fiom the 
soldiers unifoiin Undei such ciieumstanees. it uas necessai} to laj such 



Tir 4 — (i) ind (2) Pnmirj closure of the ^^ound The fiscn o\er the muscle 
1 ns hten sutured t\ith silk The skin sutures hire been so pHced as to leire as little dead 
space as possible These sutures are placed rather far apart and tied !oose!> (3) and 
(4) If pnmart closure is not feasible the wound is packed looselv with gauze A plaster 
encasement is then snugK applied so as to completel} immobilize the part 


wounds Wide open to the very depth of their extent, to excise the tiacks, and 
to remove all retained foieign bodies, which usually could not be lecognized 
until the wool was removed fiom them 
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When the simplei procedure is adopted, the cleansing of the skin, the 
draping of the wound, and the introduction of the anesthesia are done as 
aheady desciibed The smooth stab wounds aie washed superficially with 
salt solution and closed without drainage The gunshot wounds are excised 
thiough skin and fat, washed in this area with normal salt solution, as though 
they were to be closed, and then usually left unsutured They aie filled with 
vaseline, covered with vasehned gauze and immobilized in a dressing which is 
not disturbed until there is an indication for doing so 

(4) The beatment of contamuiaied, lacoated and obviously tiaumatizcd 
zvonnds by debiidement, cleansing and sutwe, 01 siitine plus giafting, 01 
giafting alone 

Such opeiations aie preferably performed under a tourniquet \\hich, be- 
cause of pain caused by it, usually requiies a general anesthetic When the 
wound IS of a serious natuie or on a patient who has been brought out of 
shock, theie is always on hand, in the opeiating 100m, intravenous fluids and 
blood befoie the operation is begun 

If pain IS not a serious factor, the field of opeiation is prepared, as previ- 
ously described, before the anesthetic is administered If the injur}^ is near 
the hand or foot, the part is scrubbed and the nails given the same meticulous 
caie that the opeiator would give his own hands 

The pin pose of the tourniquet is to save blood and to prevent unnecessary 
clamping of many bleeding points, which reduces the amount of ligature mater- 
ial in a wound and the time spent to put it thei e The tourniquet maintains 
a clear diy field foi the dissection and enables one to avoid soiling of freshly 
cleansed areas by the oveiflow of tissue juices and blood, 01 b)' frequent spong- 
ing of the field with gauze which will so easily touch both clean and duty 
areas at the same time and also add unnecessaiy tiauma 

No washing of the wound is done until the debridement is completed for 
this may not only obscure foreign bodies but will, undei the influence of the 
tourniquet, make it fai more difficult to difterentiate between living healthy 
tissue and devitalized tissue which has not yet had time to change its color 
A dry sponge is tucked into the wound An elliptical incision is made 
through noimal skin about one-quaiter inch from the edge 111 laige wounds 
This is caiefully developed into the fat, but not thiough it As the incision 
appioaches the cavity, blood stains are obseived in the tissue and its direction 
IS changed The clean skin flap is undermined as the edge is held up by small 
retractors The undermining continues until the subcutaneous fat joins the 
muscle fascia If there is doubt as to wffiere this occurs, the clean wmund is 
piotected with moist flat gauze, the field protected with tow'els, the fluff re- 
moved from the dirty wound with a clamp and the cavity inspected Another 
dry gauze is replaced and the clamp is kept in a separate basin for similar 
future use In this manner, the entire wmaiid is followed through the muscle 
fascia and torn muscle bellies Long muscle fibers are split wuth a knife and 
incisions crossing the fibers are best made with small scissors Areolar tissue 
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can be followed along pcno.steum, \essels. tendons, and neives The field and 
clean wound should alw.us he piotected with tow'els and moist gauze, so that 
in case of contamin.ition the piotection can he changed or icmoved, rathei 
than co\ercd o\ei and allowed to lemain as anothei source of umecognized 
contamination 

Often the dllt^ wound and all de\itali/ed tissue can literally he lifted out, 
rij without a senous hicak m technic The wound is then w^ashed with 

noimal salt solution Cllo^es and gowns are changed, clean instruments aie 
secured and the field again lediajied up to the edges of the incision, after 
another coaling with tincture of mcithiolate which must not entei the wound 
Before the toiniquet is iemo\ed ain known oi discoveiahle open vessels, 
which are sure to bleed, aie ligated with fine black silk The wound is packed 
with dr} gauze which is held m place with decreasing fiimness, for seveial 
minutes aftei the touriiKpiet is lemoved This will stop many small bleeding 
vessels and make unnecessar} the use ot man} ligatures which cannot help 
hut add some neciosis to the wound As this gau/e pack is teased out, the 
other bleeders olnioush leijuiimg hgatuie aic clamped and tied Then, 
the oozing and smallei bleeding points, which one piefeis not to tie, can 
usualh he stopped h\ gentle piessuie with waim (not hot) moist gauzes 
All} overlooked pieces of ischemic tissue, icv^aled by the returning cn dila- 
tion, should now he carefullv tiimmed aw a} The w-ound is again washed 
with normal salt solution and closed thioughout with fine silk or, if neces- 
sar} grafted The wound is diessed with a diessmg w'hich secures complete 
immohili/ation and is not distuihcd until all dangei of manipulation from 
removing it is gone If it is necessary to lemove the skin sutures before one 
is ready to change the encasement this can he done through a window cut 
m the encasement As will he noted later m this papei, it is felt veiy unwise 
to cut a w mdow m an encasement cov'ei mg a wound which has been packed 
with gauze However, there seems no good leason for not doing so in the 
case of a wound which has been closed piimaiily or giafted, provided the 
window and dressings aie replaced with then original degree of fiimness 
Seveied tendons and nerves, and compound fiactures often give the most 
trouble in carr} mg out this ideal debridement, cleansing, and closure In the 
latter cases, the duty cavity is entei ed when the bioken fragments are en- 
countered However, there need not he any contamination if one is careful 
to keep the clean surfaces covered The soiled specimen is clipped free and 
discarded The wound is next lengthened m either longitudinal direction 
until the end of either fragment can be hi ought out for further debridement 
Soiled periosteum stripped from the hone must be sacrificed It is at this 
state when the delayed washing of a wound is most appreciated Dirt particles 
aie now visible and theie is no guessw'ork in their lemoval With an osteo- 
tome, or thin chisel, a shaving of cortex is started fiom the clean poition and 
carried to the end of the soiled fragment It is picked off with a clamp and 
discarded The entire dirty area of bone denuded of periosteum is cleanly 
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shaved in this mannei The tip of the fiagment, if dirty, is cut off with the 
same instiument or peihaps a saw oi bone cutter It is not advisable to use 
a longeui for any pait of the \\oik Its biting edges always pass through 
soiled sui faces, besides tending to leaA'e partially detached pieces of bone 
When debiidement of the fiagment is completed, it is covered with gauze 
and returned to the wound The end of the other fragment is lifted out and 
similarly tieated After this is done the extieme depths of the wound are 
systematically given debridement and tbe cavity is ready foi irrigation Large 
quantities of waim, but not hot, saline aie used While being iiiigated, the 
wound IS gently nibbed with a gloved finger to detach pieces of loose tissue 
and blood clots 

No mechanical fixation of bone fiagments m the ^^ound is employed 
Tendons and neives are sutuied with silk The wound is closed with intei- 
lupted sutuies of silk If the closure is under tension, and it usually is m 
fractuie cases, countei incisions are made on eithei side to give relaxation 
These defects may be skin giafted oi packed w'llh vasehned gauze and allowed 
to heal by second intention Viability of skin over tlie fracture site depends 
on a closui e without tension , the convei sion of a compound fractui e to a 
simple one depends on the skin lemainmg viable and intact A moist gauze 
diessing is applied The fiagments aie immobilized by skeletal fixation ivith 
pins or by an encasement alone, depending on the type of fiacture, but they 
must be perfectly immolnlized The patient is given the usual proph} lactic 
dose of tetanus and gas bacillus antiseia The diessing is not distuibed for 
weeks unless theie is an unexplained use in tempeiatuie oi abnormal pain 
Let us heie, again, call attention to tbe \vord “debridement” wdncli has 
been defined as the “excision of a wound ” The teim has degeneiated m its 
application Almost any foim of w'ound cleansing has been called debridement 
— and wfrongl)^ so Most doctois know Avhat it means, and start such opera- 
tions with eveiy intention of being thoiough The skin and fat leceive fair 
tieatment Then, many of us ivill begin w'asbmg the wounds to take away 
every bit of the evidence of deep-seated dirt The rest of the pioceduie wull 
be devoted to aimless picking and clipping of tags of muscle and fascia over 
Its suiface To be sure, the wound wull look clean One can wash the 
hematoma and extiavasated blood fiom the muscles of a dressed labbit which 
has been shot, but it wull still be iiddled wuth bn cl shot, hair and mateiial from 
the intestinal tract The opeiation does not terminate because the w'ork has 
been systematically completed, but because patience has been exhausted and 
one does not see anything more that can be done 

The importance of this method of dealing wuth compound fractui es prompts 
us to cite the follownng case as an example 

Case Report — T S , age 24, was admitted to the hospital, February 5, 1937, with 
a compound fracture of the left leg at its middle third It had resulted from a pile of 
bricks falling on the extremity 

General examination was not remarkable The leg presented a laceration, four 
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inchi.*? lone: at the. <;ite of the fnctinc Ihcic was rioss soilmu; of the wound No 
lu'-ton oi cMdcncc ol liont i)iotiU‘'ion could be olitanied althouRli the fractured ends 
were M'-ihle in the wound Tom houis attei tile aecident the patient was opeiated upon 
under Reiienl anesihc'-n Dehrideineiit was ciiiied out as outlined above Upon 
inspcctinti the hone pio'-s dill was loiind embedded in the peiiosteuni at the point of 
tnctuic It wav leaiioeed .leeordiiiR to the iiiethod desciilicd Sillv was used throughout 
The clovuie w is lacilit iled In vceewoix incisions which wcie 1 itei dressed with easehned 
tnu7c The leg was plieed in a pidded <piea encisenienl and suppoited on a knee 
lleMon-splint Gas mid tetmus Ineilli uitiscia weie adniiinsiered and the patient 
returned to the' ward in good eondition 

The te'inperature iur\e showed 
spiking to loi'' r duinig the liist 
three postoperatue <h\s It then 
dropped to noriinl tor one daj uid 
spiked again on the filth si\tli and 
seventh di\« \t tins tune there w is 
evidence of a inode ratelv severe seiuiii 
rash 1 he elev ited teinpeiature and 
increased piiKe were not aeeonipinied 
bv an increase in respiritions ] he 
temperature promptlv subsided with 
the ra«h All sutures were removed 
at the end oi two week* when the fit si 
dressing vvas made 1 he relasing in- 
cisions were redressed and found to he 
iiearlv closed The iiitient was dis- 
charged to the I'mcture Chine Eeh- 
ruarv 23, Jot; to be treated as 11 he 
bad a simple fracture 

It appeals also vvoith while 
for us to cite a case illusti alive of 
the value of inimcdiatc sktii tji.ift- 
ing m the piiniaiy closuic of 
traumatic wounds As was done 
m this case many of these pa- 
tients can be handled w ithout ad- 
mission as bed patients m the 
hospital 
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-Piinnrj skin grraft to cover a tendon 
exposed through loss of overljing tissues by the injury 
See report of case (Stevenson and Reid Am jour 
Surg , 46, 442-449, December, 1939, Fig 3 ) 


Case Report — R kf , age 47 . 
entered the hospital, February 12, 1938, 
following an injur}'- of the right hand, 
sustained while cranking an automobile The engine had "kicked,” causing the end of 
the crank to tear through the dorsal suiface of the web between the thumb and index 
finger The skin and subcutaneous fat were missing The extensor pollicis longus 
tendon vvas exposed, the adductor polhcis muscle was almost completely mangled, and 
there was a compound fracture of the first metacarpal bone at its middle third 

Three hours after the accident, debridement was begun, under local anesthesia, with 
the realization that skin grafting would have to be done in order to close the defect 
However, a bridge of extensor polhcis longus tendon across the wound had not been 
anticipated It would have been better to have covered the wound with a flap of skin 
and subcutaneous fat from the abdominal wall However, the patient could not stay in 
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the hospital and, to simplify his care, a split-graft was removed from the thigh to cover 
the defect Six weeks later he returned to his job as pressman in a print shop 

The photograph (Fig 5) shows a veiy superficial position of the tendon Although 
the giaft IS adherent to it, there is enough freedom m movement m other tissues beneath 
the graft to give the thumb a full range of function It is doubtful whether this tendon 
would have survived any dclajed form of grafting The patient still refuses further 
correction 



Fig 6 — The effect on the underljing ^voimd produced h> cuttinp n \vtndo\N m the 
enca^^ement over U The circulation in the wound is interfered with md its immobdizntion 
IS destroyed 


It should be stated, howevei, that senous cases such as we have been 
desciibing may, if the patient's condition demands it, be postponed foi a day 
or possibly two, after the debridement and cleansing, foi delayed primary 
sutui e 

(5) The t) catnient of tiaiimatic mfcctcd wounds oi contaminated zvounds 
zuhich, because of the exigencies of the situation such as often aiise in wai 
tune, should have no attempt made at pnniaiy closme In war, the facilities 
at one’s command, the conditions undei which one has to work, and the lack 
of trained personnel often make it very unwise to attempt any pi unary closure 
of traumatic wounds This was mvaiiably the case in the Chinese wai to 
which we have referred 
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Willie iiKist suiucoiis adopt .III .ithili.in (mic liniii ol six to eight houis 
in det-iding wliethei .i \\ouii<l is (.ont.uninated oi infected, wc aic influenced 
In the natuie oi tlie sodnig tlie loc.itmn and extent of the nijun Fov in- 
stance, We nil know tlial wt can take incne ciiances that wounds about the 
he.ad and nice .ue (uih eoiuannii.iied, c\eii tliougli thc\ haec exceeded oui 
adopted time hniits On the oihei hand we know that it was ici} unwise to 
gaiiihle with coiitaiiiin.uioii \eisus niieetioii when the soiling was from Flan- 
deis fields or the tuiuhes When in doubt smeais liom the tissue pieces 
mielit siiow knee mniibeis <ii lucteiia and thus tbiow the decision in iavoi 
ot * nitectioii Iltiwenei tins scLtion ot oiii jiapci deals onh willi the 
jireparaiioii ot iiosli wounds ii»iiali\ no! o\ei thiee da\ s old, foi healing b} 
sctoiulai} nitention, '•econd.ue elo-'ine oi skin giaiting Tetanus and gas 
hacilhis antitoxin aie a!wa}>< achnini'-teicel to such patients 

1 he field ot ojiciation is ]ne]vncd as alio.uK described A geneial anes- 
thetic Is much piefcncd \ toinnujiui is used n possible The wound is 
l.aid exiraoitlmaiih wulc-onen so that no jiacks chains oi lubes wall be 
reg'^rdex! as ncccs<,i,\ J'oieign bodies and completeh detached pieces ot bone 
arc rcinn\td and all recoijni/ahle dead oi dcMt.ih/cd tissue cut away It can- 
not 1)C o\crcin])hasi7cd that the, succe-'S of this method is clnccth dependent 
upon the ihoronghne'-s oi the dehndcmcnl Grease- and dnt-stained In mg 
tissues jiaiticulaih hone, tendons ,ind ncncs, aic complete!} cleansed with 
‘'Oap and water using .i scrub brush if neccssai} This is followed by a most 
thorough w.islung witii normal s.flt solution using the glo\cd finger to mas- 
''age the insucs gcntl\ Following this, gowns glcncs and instruments are 
changed, the skin is dried and rceoated with meithiolate new^ drapmgs aie 
applied The toiirnicpicl is leinoved and bleeding vessels arc ligated wuth vei) 
fine chromic catgut ligatures Tendons and ncr\cs are not sutuied, there is 
no mtcinal fixation of fi acini eel hones The wound is not even partiall} 
closed It IS filled with vaseline oi with well-saturated vasehned gauze, or 
^\lth both and then so dressed as to he as absolutely immobile as it is pos- 
siiile to make it The pressure of the clicssmg ovei the wmund is made quite 
firm in order to combat the tendency toward edema in it If possible, such a 
dressing is left undisturbed until the piotection of a healthy gianulation tissue 
IS formed, or until the clangcis of manipulation fiom removing the dressings 
are negligible This usually means tw^o wrecks and may mean more than four 
weeks Above all, w^e try to avoid diessmg such a w^ound thiough a hole in 
an encasement wduch, because of the lessened pressure, wall often allow the 
wound to become edematous and actually herniate through the encasement 
This has^ always appeared to us to be a serious handicap to the healing of 
such a w ound \Ye prefer, w hen the dressing has to be made, to remove the 
entire dressing and replace it wath a new one 

Healthy and unharmed gianulation tissue is such a good protection that 
w^e can see no reason for disturbing it until the time anives when we wish 
to prepare it for secondaiy closure or skm grafting This may be early or 
late, depending upon many circumstances, such as the complications of frac- 
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tuies or osteomyelitis m the iiound, or such as the equipment and personnel 
at the disposal of the suigeon Foi such pieparation of granulating wounds 
we prefei to use Dakin’s solution, but that is anothei story which is beyond 
the scope of this papei 

Those of you who heaid Doctoi Matas at oiu meeting last year, or have 
read Wmnett Oir’s papei oi J Trueta’s book, will lecogm/e a famihai tone 
thioughout this papei Doctor klatas’ description of the management of the 
wai wounds in the Spanish Civil Wai r\as tiuly delightful We want to close 
this papei with two quotations fiom the remaiks he made at that time The 
fiist IS “Theie, at the iiai fiont, lude experience imposed by necessity seemed 
to discount the impoitance of genus, provided the living tissues were allowed 
to fight then own battle uncncumbeied by the bodies of dead or d>mg tissues, 
and kept undistuibed and piotected in the piocess of lepaii and i epi oduction 
fiom tempestuous manipulations and destructive geimicidal irrigations by ab- 
solute fixation 111 plaster ” The second is ‘ Suffice it to say, that when fresh 
wounds aie leheved of all dead or devitalized tissues, they aie, when put to 
complete lest, quite able to take care of themselves without the aid of anti- 
septics, which (when truly bactericidal) hmdei tbe noimal reproduction of 
the tissue cells and weaken then defenses ” 

This paper was read before the Fiftj -third Annual Session of the Southern Surgical 
Association, Hot Springs, Va, December lo, ii, 12, 1940 
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THE USE OF SULFVXriA’LGUANIDrNE IN SURGICAL 

TATI ENTS 


W\uiirLi) M Fmon. MD. vxn Aitgu-,t F .Toxas, MD 

Hmtimohi Ml) 

Ix SrPTLMHiK 1040. and his cownikcis pnhlislied the lesults ot 

thoir studies with ‘'ulfanilxltruanuhnc * 'j hen jiapci dcsciibcd tlie method ot 
preparation and tlic pioju'itics oi tins compound They rejioited caieful ex- 
periments on niKc lahlnts and dogs which weic designed to compaie the 
iclatuc io\icit\ of sulfanihlguanidme with sulfapjiidme and sulfathiazole 
From these expeiimcnts it ajipcais that this new sulfonamide compound, when 
gnen or.dh is prohahK less toxic than sultap} 1 idine 01 sultathiazole The 
iinestittations of Mai shall and his gioiip hi ought out cleaily two tacts of pos- 
sible significante foi surgeons The\ showed that, although sulfaniljlguamdine 
IS lairh soluble in water it is pooih ahsoihed fiom the intestinal tiact, and 
sccondh that the contentiation of cohfoim bacteiia m the feces of mice is 
great!} 1 educed alter the 01 al admmisliation of the drug Fuithermoie, they 
lound that the new comjiound is as active as sulfapyndine is against pneu- 
mococcus infections m mice, and from studies j;i vitio they showed that it is as 
eflcctne as sulfanilamide is against sc\cial other pathogenic bacteria 

It was these ohsci \ations that led us to considei using sulfanil}]gtianidine 
m the prepaiation of patients who needed opciations upon the colon The pres- 
ent paper is an account of oui expeiicncc wnth this drug m 12 such cases’* 

CASK UKPORTS 

Case I — H G flic first surRical patient upon wliom sulfanilylguanidine was used 
had had a long and tedious cspcncnce w’lth precious opciations She was age 39 when 
admitted to the 1 ohns Hopkins Ilospitd Eighteen jears before a cjst had been removed 
from the left o\an Sc\cn ^cars latei an exploratoiv celiotomy was performed for 
partial intestinal obstruction J liree lears thereafter a second cjst was removed from 
the left o\ar\ Eoi the following se\en jears the patient had been comfortable but, 
then, periods of cramplike pain in the lower abdomen recurred The persistence and 
seienti of these attacks increased and became associated wath distention, nausea and 
vomiting Such was the account given by the patient of her illness, and efforts to obtain 
actual data bearing on the precious operations were of no acail 

The patient was admitted to the Gynecologic Service The physical examination 
failed to receal any deviation from the normal, except in the pelvic organs w'hich were 
embedded in niodciately firm adhesions Several loops of intestine w^ere thought to be 
attached to the left adnexae With the patient under anesthesia, a mass w'as felt wdiich 
W'as adherent to the left uterine cornu, and fixed to the left lateral w'all of the pelvis 

Opoalwc Note — The abdomen w^as opened through a low midline incision Part 
of the omentum formed a mass which was attached to the left side of the uterus and 
to a large ovarian cyst that w'as adheient to the left pelvic wall After some dissection, 
It W'as found that the right tube and ovary were missing A supravaginal hysterectomy 
W'as then completed, and it became evident that the left tube and a loop of intestine w'ere 

* The sulfanilylguanidine used in these studies was supplied by the Calco Chemical 
Company 
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firmly attached to the ovarian cyst Considerable bleeding was occasioned bj the 
removal of these structures, upon completion of which the operator found a peculiarly 
narrow strip of intestine, which was devoid of mesentery, extending from the descending 
colon to the rectum This loop of bowel was approximately eight inches long and, 
unfoitunatelj, was open m two places After considerable dissection, it became clear 
that the sigmoid had been removed previously, and that a segment of ileum had been 
interpolated to connect the descending colon and the rectum (Fig i) This noiniable. 



Fig I — Case I Drnwmts illustrating the conditions present in this patient 


perforated loop of bowel was then resected, the end of the descending colon freed 
from adhesions and opened, and the upper end of the rectum mobilized and opened 
The patient was showing the effects of the long operatne procedure, and, as there had 
been considerable fecal contamination, the operator felt that an end-to-end anastomosis 
was out of the question The open ends of the colon and rectum were then brought 
through the midline incision, and the wound closed above and below the openings 
There was so little tissue available that a very short spur resulted from the approximation 
of the descending colon with the rectum 

The spur was subsequentlv removed and an effort made to close the colostomy with 
sutures The tension between the loops was too great, and the wound broke open At 
this point in the patient’s convalescence she was given 7 5 Gm of sulfanilylguanidine by 
mouth every day for one week The concentration of coliform bacteria in the colonic 
discharge fell rapidly, and a second operative closure was attempted At this operation 
the open ends of the colon and rectum were dissected from the abdominal wall, freed 
from adhesions and lengthened The proximal and distal ends were joined by two 
layers of sutures In carrying out this anastomosis there was gross soiling The sutured 
bowel was replaced in the peiitoneal cavity, and the abdominal wound closed with 
silk without drainage 

Only twice after the operation did the patient’s temperature go as high as 100° F 
On the fifth postoperative day she began to hav'e normal stools and, except for cramp-like 
pain, her convalescence was uneventful There was one very small stitch abscess which 
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cleared up in 24 houis aftei it was opened The patient continued to leceive sulfanilyl- 
guanidine eier}' day foi a week following the operation 

Summary — A patient, who aftei seveial pieAnous opeiatioiis, lequiied a 
colostomy of the Mikuhc/i: type, in which the affeient and the effeient loops 
A\eie tindei tension The colostomy was successfull}'' closed and the boAvel 
placed intiapeiitoneally despite gioss fecal contamination 

Case 2 — C kl This Mgorous, middle-aged white male, came to Johns Hopkins 
to liaAC a colostonn closed He gave the following account of his illness On Afarch 
12, 1940, he was aw'akened b} pain in the low'cr part of the abdomen The intensity of 
the pain rapidly increased and W'as followed !w nausea, A'omiting, and fever He was 
unable to Avork, Avhich A\as most unusual for him His famil}' plwsician felt that an 
operation A\as imperatne, and iS houis after the onset of his s3mptoms a celiotomy 
A\as performed through a midlinc incision The peritoneal cavitA" Avas found to be full 
of “milkA' fluid ” There was a mass arising in the sigmoid The segment of diseased 
bow'el A\as renioAed The patient A\as told that the lower end of the sigmoid adjoining 
the rectum had been closed and placed in the pelvis, and that the proximal end of the 
diA'ided bowel had been brought through the abdominal wall in a sepaiate incision (left 
pararectus) Subsequent!} the terminal end of the descending colon either retracted 
to form an abscess or became gangrenous The patient only know's that the Avound Avas 
badl} infected, and that a second operation was lequired in order to have the colostomy 
function 

On admission he Avas seen to be an obese man in no apparent ill health On examina- 
tion the rectum was found to extend Aac inches above the internal sphincter The 
colostomy opening A\as small and A\as surrounded b} a broad area of dense scar tissue 
The patient was gnen 4 Gm of sulfanilylguamdine orally ever} eight hours for six days 
A solution of the drug A\as used on thiee occasions as a retention enema to reduce the 
bacterial count in the rectum At operation innumerable adhesions Avere encountered 
beneath both incisions (Fig 2) The ends of the divided bow'el were mobilized and the 
terminal portions excised to facilitate anastomosis It Avas found that a sizable portion 
of the descending colon and most of the sigmoid Avere missing The operator AA'as 
forced to mobilize the hepatic flexure in order to obtain approximation of the colon to 
the rectum In doing this the tension AAas so great that the colon Avas stretched and 
flattened , consequently a six-inch rubber tube one inch m diameter Avas placed in the 
lumen of the boAAel and an anastomosis made around this tube Interiupted sutures 
of catgut Avere used and AvhereA'er possible these Avere reinforced Avith Lembeit sutures 
of silk One could not be certain that the anastomosis Avas secure at any point A 
Penrose Avick AA^as placed in the midline AA'ound, and both incisions Avere closed Avith 
silk throughout The cecum Avas then brought through a right McBuiney incision with 
the expectation that it AA'Ould be subsequently opened 

For nine days after this operation the patient leceived 4 Gm of sulfanilylguamdine 
orally eA'ery eight hours There Avas never any distention, there Avas no leakage from 
the anastomosis, and there Avas prompt and frequent passage of flatus and feces per 
rectum On the ninth day after operation the patient strained and passed per rectum 
the large rubber tube that had been supporting the line of anastomosis Previously the 
loAver end of this tube had been barely palpable by digital examination The complete 
absence of distention made the opening of the cecostomy quite unnecessary Both 
abdominal Avounds healed promptly without infection FolloAving the operation the 
patient’s temperature only once AA^as above 100° F, and was entirely normal after the 
fourth postoperative day His pulse rate ranged betAveen go and 100 for three days and 
thereafter Avas in the 8o’s He left the hospital three weeks after the operation 

Summary — Previously a resection of pait of the descending colon and 
most of the sigmoid had been performed The distal end of the sigmoid had 
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been leplaced in the pelvis An open tube anastomosis was earned out, restor- 
ing the continuity of the laige bowel The anastomosis healed pa piimam 

Case 3 — W B A white male, age 73, who had been treated previously in the 
Johns Hopkins Hospital for generalized arteriosclerosis, arteriosclerotic heart disease and 
h} pertension, was readmitted, complaining of a gastro-mtestmal upset Upon question- 
ing it was found that three months before he began to experience gastric pain an hour 
and one-half after meals The pain persisted until the following meal In addition he 
had had cramps m the lower bowel which sometimes awakened him The bowel move- 
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1 IG 2 — Cise 2 Diiwings lUustntmg the conditions present m this pitient 

ments bad become water} and loose, and at times his stools had been dark The patient 
had tiled vaiious diets wathout aii} success One w’eek before coming into tbe hospital 
he had tw'o short attacks of pain radiating along the course of the right ureter He 
described the pain as intense, otherwase his history w'as unessential On physical 
examination, there W'ere obMous evidences of arteiioscleiosis, the heart was enlarged 
to the left, theie w'as a precordial s>stolic murmur, and tenderness on palpation in the 
lower part of the right side of the abdomen His blood pressure W’as 210/110 He 
W'as thoroughly studied on the kledical Service A barium enema show’ed a persistent 
filling defect in the ascending colon below the hepatic flexure The characteristics of 
the defect strongly suggested the diagnosis of malignancy There w'as also evidence of 
adhesions around the cecum 

Upon questioning, the patient gave the additional information which proved to be 
of the utmost importance Fort} -three vears before, w'hile on a bic}cle trip through 
France, he had an attack of acute appendicitis An appendiceal abscess foimed and 
ruptured into the cecum No operation w'as performed The patient had had no sub- 
sequent indication of infection in this region 

He was given 4 Gm of sulfanilylguanidme by mouth every eight hours On the 
fourth da} the patient became drow'sy and cyanotic He was thought to be showing signs 
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of toMLitj, like those sllii hi siillanilamitlc poisoning The daily blood levels of com- 
bined siilfanihlqiianidine had Ixcn iiinning between 4 and 45 nig pei cent At the time 
of his diowsniess the hlood level was found to be 236 mg pei cent Investigation show'ed 
that the patient had been gntn 24 Gin of sulfanilamide bj mistake Ihis drug was 
obtained fioni his urine, and andvyed In E K Ivlaishall, Ji The patient continued to 
rettne sulfanilv Iginiudinc following the ciror, and daih blood level determinations 
showed after 48 hours that the concentration of sulfanih Iguanidine had returned to 4 5 
me pel cent 



1 ir 3 — Ct'.l 3 Dr iwitiR'? illustntiiif, conditions present in this pntient 


\fter seven davs of iircjiaration b\ clieinotherapcutic agents he was operated upon 
There was a large carcinoma just below the hepatic flexure which was fixed to the 
parietal jientoneum The nodes in the mesenterj' wcie enlarged and firm There were 
man^ short, tough adhesions at the site of the appendiceal abscess The terminal ileum 
and Its niesentcrv were closelv attached to the common iliac v^essels (Fig 3) The 
operator divided the tcrniinal ileum about 2 cm from the ileocecal valve, and resected 
the right side of the colon, removing the tumor and the mesentery The patient’s 
cardiovasculai condition was not particularly good at any tune, and it was a question 
whether to attempt to dissect the terminal ileum from its attachment to the common iliac 
vessels, or to invert the stump and establish a lateral anastomosis between the ileum and 
the transverse colon The removal of the tumor had been tedious and the dissection had 
been difficult It seemed wise, therefore, to shorten the time of operation as much as 
possible, consequently, the end of the transverse colon was sutured to the ileum about 
18 cm above the inverted end of the terminal ileum The wound was closed with silk 
throughout No drains were used 

For five days after the operation the patient did surprisingly well Only once did 
his temperature go abov'c 100° F , and within 48 hours after the operation his temperature 
vv’as normal and remained so His pulse rate varied between 88 and 104 There was some 
distention, but he had bowel movements On the sixth day the lower angle of the 
incision opened, discharging both gas and fecal matter It seemed clear that the sutured 
end of the terminal ileum had opened and that a fecal fistula had developed A very sur- 
prising feature in this case is that the patient had given no signs of peritonitis He had 
no abdominal pain or tenderness There was no fever or tachycardia and, although the 

23 



FIROR AND JONAS 


Annals of Siirgcrj 
J II 1 J 1 0 1 


wound had been closed tightly, the lower angle opened spontaneously to accommodate 
the discharge from the terminal ileum 

During the five daj's after the operation he had continued to receive 12 Gm of 
sulfaniljlguanidine b> mouth each daj' When the fecal fistula developed, he was gi\en 
sulfathiazole mtra\enously and later bj mouth His subsequent course is uneventful 
except for the development of an abscess which opened through the upper angle of the 
w'ound The fistula is closing slowlj at the present time’*' 

SuMJiARY — Caicinoma of the ascending colon in an elderly patient suffer- 
ing from aiteiioscleiotic heart disease and hypertension Forty-three years 
hefoi e, an appendiceal abscess had spontaneous!} ruptiii ed into the cecum A 
right-sided resection was earned out w'lth an ileotians\erse colostomy A fecal 
fistula developed from the teimmal ileum 

Case 4 — L D An obese white female, age 57, came reluctanth to the Johns 
Hopkins Hospital Her previous experience with su^ger^ elsewdiere had been most 
discouraging In July, 1936, after months of discomfort, she w'as operated upon for 
hemorrhoids and “inflammation” of the cervix Following this she complained of in- 
digestion, eructation and weakness In October of the same \ear, a second operation 
W’as carried out The patient w’as told that the appendix w’as diseased and had had 
to be remoaed Furthermore, adhesions around the gallbladder had been freed and a 
dermoid cast involving the left oaara and colon necessitated an oophorectoma and a 
partial colectoma After the operation the patient found herself aaith taa’o incisions — a 
loav midline one and a high left rectus one, through each of which the diaided end of 
a loop of colon protruded Her convalescence aa'as uncomfortable, a purulent discharge 
from the rectum avas present avhich required irrigations through the loaaer colostomj 
Fever and attacks of pain continued for fia’c months, terminating promptly avhen a gauze 
sponge avas extruded from the left rectus incision This necessitated a plastic operation 
to insure proper function of the colostomy For 18 months the patient was free from 
symptoms, and then she had the first of sea’en attacks of acute intestinal obstruction 
Each attack avas relieved bv good nursing care The last obstruction aa'as so obstinate, 
hoavever, that she a\as forced to seek surgical aid 

On examination, one found that the patient had taao abdominal scars (Fig 4) 
each of avhich marked the site of a large ventral hernia containing mana loops of small 
intestine The distal end of the sea'ered colon had retracted beneath the loaa midhne scar 
and avas completely closed, the proximal end of the colostomy aa’as functioning 

The patient avas given sulfanilylguamdine orally 4 Gm eaery eight hours for eight 
days, together avith a loav residue diet and daily enemata through the colostomy 

At operation, there avere, of course, extensive adhesions betaveen the loops of in- 
testine, both in the hernial sacs and in the abdominal cavity The dispanta in the caliber 
of the proximal and distal ends of the colon aa’as so great that an end-to-end anastomosis 
seemed inadvisable The continuity of the colon avas reestablished, therefore, bj a lateral 
anastomosis This avas carried out by the open technic and, despite the preoperative 
enemata, fecal matter avas extruded during the operation ATien the anastomosis avas 
complete, the colon avas placed avithin the peritoneal cavitv, a Penrose dram avas put 
in the leaver angle of the midhne incision, and both avounds avere closed avith silk 
throughout The operation took over three hours, but a transfusion and the administra- 
tion of fluids intravenously prevented any detectable evidence of shock 

On the day of operation, the patient avas given 4 Gm of sodium sulfathiazole in- 
travenously and 4 Gm of the same drug by mouth The folloaving day she avas given 
12 Gm of sulfanilvlguanidine, but an extensive macular rash developed over the entire 
body It avas thought that this avas the result of sulfathiazole, and for 24 hours the 

* Tavo aveeks after the meeting of the Southern Surgical Association this patient 
contracted bronchopneumonia and passed aavay 
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drug- (hciai)\ was suspended The lasli pcisisted and in oidcr to eliminate sulfamlyl- 
puanidine as a cansatuc agent, this drug was lesumed in the same dosage as before, 
and continued for eight da\s dining which time the lash complelelj disappeared The 
patient’s coinalescence was notewoitln for the absence of distention and for the piompt 
and pci feet healing of both wounds She was dischaiged 15 da3's after the operation 

SijMm \r\ — Pi c\ ions icscction of pail of the descending colon w'lth double 
colostoim Two \enlial hciniac wcic lepaiicd with silk and the continuity of 
the colon icstoicd In an open anastomosis Healing pci puuiam 



lie a — Cast 4 Dn>\ings illustnliiif, conditions present m this patient 

Case 5 — D T This emaciated white female, age 66, w^as a patient of Dr Harvej’^ 
Stone She had had a long-standing illness of iilceiative colitis, for wdiich an ileosig- 
nioidostoiin had been performed three 3'ears before the present admission This op- 
eration was followed In' a period of relative well-being, but for the last six months 
she had complained of diarrhea, chills, fever, malaise, and had lost 20 pounds in Aveight 
When admitted to the hospital she w’as obviously acutely ill During the first week of 
residence there her temperature varied from 98® to 102° F. her pulse rate from 100 to 
130, and her blood pressure w'as 100/40 Theie w'as a large tender mass m the lower 
part of the left side of the abdomen Sulfanilylguanidme was given m doses of 3 3 Gm 
e%er3' eight hours for ten days before operation 

A left rectus incision w'as made, and in an effort to mobilize the mass that had been 
palpated the operatoi broke into several abscess cavities The transveise and part 
of the descending colon had become gangrenous and had perforated in at least three 
places There was a gastiocohc fistula The walls of the stomach w'ere so edematous 
that the closure of this fistula was unsatisfactory The operator was finally able to 
deliver the gangrenous portion of the colon and to establish a Mikulicz colostomy 
A dram was placed through a stab ivound in the lower pait of the abdomen Throughout 
the operation the patient’s condition was precarious, and two transfusions and intravenous 
fluids had to be given , the following day a third transfusion was needed At this 
time It was noted that the urinary output was greatly diminished There were casts 
which had not been present before Three days after the operation the patient became 
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jaundiced and continued to have a meager unnarj' output The progress notes recorded 
each day the absence of distention There were no signs of generalized peritonitis, 
and by the thud day after operation the pulse rate had fallen to loo and the tem- 
perature to 99 8° F Only once during the week after operation did the patient’s 
temperature rise above ioi° F During the second week of convalescence she had a 
chill and fever after the intravenous administration of glucose solution The renal 
function giadually returned to normal and her convalescence continued satisfactonlj 

Summary — Resection of gangienous colon Closuie of a gastiocolic fistula 
in the piesence of abscesses without developing a geneiahzed peiitonitis 

The pieceding cases weie complicated ones that reqtiiied detailed descrip- 
tion We have used sulfanilylguanidine in seven additional patients whose his- 
tones aie briefly absti acted in the following paragi aphs 

Case 6 — L C An obese colored female, age 58, came to the hospital comphmmg 
of constipation and blood m the stool The past history was noncontributorj The 
illness that brought her to the hospital began two months before admission, at which 
time she passed a laige amount of biight red blood per rectum For the following 
week she had diarrhea, each stool containing blood and mucus Thereafter she had 
alternately diarrhea or constipation, marked tenesmus, and discomfort in the lower 
abdomen There had been no loss of W'cight The phjsieal examination was negatwe 
There W'ere no evidences of intestinal obstruction A barium enema, howe\er, show'ed 
a large filling defect in the lower portion of the descending colon The patient was 
given 7 5 Gm of sulfaniljlguanidine a dav for nine dajs before the operation was 
performed An annular carcinoma of the sigmoid with metastasis to the regional nodes 
was found This w'as lemoved, and an end-to-end anastomosis, with an aseptic technic, 
was carried out At the same time a cecostomy was established Following the op- 
eration she was given sulfaniljlguanidine for a week Her coinalescence was un- 
eventful, except for a moderate degiee of fever which persisted for six daas At no 
time, however, did her temperature go o%er loi 6° F The cecostonn closed spon- 
taneously She had effectual enemata from the third postopeiatne daj and normal 
spontaneous bow'el movements after the seaenth daa 

Summary — Annular caicmoina of the descending colon in an obese, 
colored female An aseptic end-to-end anastomosis was peifoimed I-Iealmg 
pci pi imam 

Case 7 — E D A white male, age 19, had survned a sea ere automobile iiijurj 
18 months before admission to the hospital At the time of the accident he suffeied a 
fracture of several ribs and a left hemothorax The patient graduallj recoaered, but 
SIX months later developed increasingly severe signs of partial intestinal obstruction 
At the time of admission he avas greatlj distended He had lost 60 pounds m aveight, 
and aaas having constant cramphke pain and a'omiting A barium enema shoaved a 
definite obstruction at the splenic flexure of the colon The abdominal cavity avas 
opened and an enormous dilatation of the transa'erse colon, terminating m a benign 
stricture at the splenic flexure, aa'as found, accordingla% a cecostomy for decompression 
avas made Tavo aveeks later he avas again operated upon, and the left half of the 
transverse colon, the stricture, and a portion of the descending colon avere resected 
The avails of the tiansverse colon aa'ere so edematous and friable that it appeared un- 
likely they could hold sutures, consequentlj , the proximal and distal segments aaere 
brought out on the abdominal avail side-by-side, m the manner of a Mikulicz resection 
The disparity 111 the caliber of these tavo ends aa^as striking, the proximal loop being 
three times as large as the distal one After the clamps had come off, the larger seg- 
ment gradually shrank m size, but even after the spur had been crushed the colostomj 
did not close It became evident that operative measures avould be necessary in order 
to close the colostomy In preparation for the operation the patient avas given sul- 
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faiiil\lc;unnKiinc He rcecncd ‘.c\cii doses of 4 5 Gni at i2-lioiir intenals At opera- 
tion it was iKcissnn to open the ptritoneal ca\it\ in oidcr to mobili/e the proximal 
and distal ends of the colon The anastomosis was earned out in the piesence of gross 
fecal contamination, nc\cillicless, no c\idtncc of pciitonitis appeared The w'ound 
hcakd proinjitK and coinpletch, except foi a \ti\ tiin fistula that subsequently closed 
Bei’inning 24 hours after the opciation, the patient was gnen 45 Gm of sulfanilyl- 
euanidinc In mouth e\ei\ 12 houis foi four da\s 

SUMM \R\ — \ ixihtliautuatie stiietuic of the splenic flexinc, lequinng le- 
seetton and second, u\ colosionn , closinc nccessUating intiapei itoneal sutuiing 
in the pi eseiKC of tcees 

Case 8 — I S This patient was a ceiloicd female, age 49, who was admitted to 
the hospital with a store that sutreested the presence of a carcinoma of the sigmoid 
The phesic.al cxaniiuilion and Inrium studies confiimed this impression She W'as pre- 
pared be the usual colonie reginicii and be the administration of sulfamljlguanidine 
She rceeieed 12 Gm be mouth daile toi fiei daes At operation a large carcinoma of 
the sigmoid ineeilemg aho an adjacent loop of ikum eeas found The entire tumor 
and adjacent sigmoid, togethei eeith the segment of ileum, were remoeed in one piece 
An end-to-end aseptic anastomosis of the sigmoid and a lateral open anastomosis of the 
ileum eeerc then performed The abdominal eeoiind eeas closed eeithout diamage A 
prececostome was jiioeided, but eeas neeer opened The patient had a smooth conva- 
lescence, her tcmjieraturc reaching 1004° T on onle one occasion The drug evas con- 
tinued for nine dies after the opciation, during eehich time the patient evas entirele free 
iroin distention Her wound healed jt>ci pi imam, and she left the hospital on the 
fifteenth postoperatiec dae 

Su^t^IAu^ — Caicinoma of the stgmotcl involving the ileiim Block lesec- 
lion of bigmoid and ilcuin with aseptic anastomoses 

Case 9 — y S A colored male, age 25, came into the hospital with symptoms 
and signs of acute appendicitis At operation, the appendix was thought to be inflamed 
and eeas remoeed Furtlici exploiation shoeeed that the sigmoid and tee'o separate areas 
111 the ileum eecre meolecd be acute regional cnteiitis Preparation had not been made 
for resection, and the patient’s condition became so piecaiious that the abdomen was 
closed eeithout further mtcrecntion He ran a febrile course for teeo weeks folloeeing 
the operation He complained of abdominal tenderness and cramplike pains The 
eeound drained small amounts of seiopurulent fluid but never anj fecal material He 
eeas then prepared by the use of sulfaniljlguanidine (9 Gm daily for four days), and 
a resection of the terminal three feet of ileum and the right side of the colon was carried 
out During this operation a small abscess beneath the cecum was opened An end-to 
side ileotranseerse colostomj w’as performed, by an aseptic technic, and the wound 
closed tightlv with silk The patient made a smooth recoiery, his temperature never 
rising over 100° F Tlie drug was continued for a week after the operation The 
abdominal w'ound healed quicklj w'lthout the slightest evidence of infection 

Summary — ^Regional enteiitis involving thiee segments of the intestinal 
tract Resection and anastomosis in the presence of a small abscess 

Case 10 — T A colored male, age 32, complained of frequency and dysuria 
He had lost 25 pounds in six months The physical examination show'ed a large, poorly 
defined mass in the right iliac fossa A barium enema brought out displacement of the 
rectum tow’ard the left While on the w'ard the patient developed progressive distention 
and intermittent abdominal pain He w^as given sulfanilylguamdme (12 Gm daily for 
five dajs) At operation, he was found to have a large extraperitoneal tumor in the 
right side of the pelvis Numerous loops of ileum w^ere densely adherent to the tumor, 
and there w'as marked dilatation of the intestine above the adhesions Attempts to free 
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the intestine were unsuccessful The distention was relieved by performing an ileosig- 
moidostomy, with the open technic The wound was closed with silk, without drainage 
The postoperative course W'as reniaikably smooth The patient was discharged on the 
fifteenth daj, his w'ound entirely healed, and his obstruction relieved 

Summary — Intestinal obstuiction caused by a large retroperitoneal tumor, 
probably sarcoma Open anastomosis between the ileum and the sigmoid 

Case II — I D A wdnte female, age 59, came into the hospital with symptoms 
that indicated she was suffering from a carcinoma of the transverse colon The physical 
examination w'as consistent with this diagnosis She was prepared for operation bj the 
usual colonic regimen, and was given sulfanilj Iguanidine (75 Gm dailj for six dajs) 
At operation, a large carcinoma of the transverse colon was found This w'as densel> 
adherent to the cecum Resection from the terminal ileum to the left side of the trans- 
verse colon W'as perfoimed, and an end-to-side ileotrans\ersc colostom\ carried out by 
an aseptic technic Her course was smooth for eight dass Slie then developed fever 
(103° F), without corresponding elevation of the pulse rate There was localized ten- 
derness m the left lower quadrant, but no evidence of peritoneal irritation Her tem- 
perature gradually returned to normal, the abdominal tenderness disappeared, the wound 
healed pa piitnaiit, and she had dail} numerous bowel movements, the same trend of 
events repeated itself on the thirteenth and twenty-fourth postoperative dajs No mass 
ever developed, and the highly localized character of the tenderness suggested an in- 
flamed divertieulum of the sigmoid There was never anj tenderness in the upper ab- 
domen at the site of the ileocolostomj, and nev'er an> evidence of generalized peritonitis 

Summary — Carcinoma of tbe transveise colon necessitating extensive re- 
section and end-to-side anastomosis Po pi imam wound healing and satisfac- 
toiy bowel function Thiee spells of fevei and abdominal tenderness, probably 
due to diverticulitis " 

Case 12 — S M A white male age 26, complained of abdominal pain, diarrhea, 
and blood in the stools Barium studies shovv'ed an irregular filling defect in the cecum 
The patient was prepared in the usual manner for a colonic resection, and w'as given 
sulfanilj Iguanidine for three davs preoperativelj At operation, a number of polvpi 
were found in the cecum The right side of the colon was resected, and a lateral ileo- 
transverse colostomy performed, bj' the open technic The drug was continued for six 
days after the operation The patient’s convalescence was smooth His temperature 
did not rise above 100° F at any time The wound healed pet pttmam He w'as trans- 
ferred on the fifteenth day to the Medical Service for the study of a microcjtic anemia 

Summary — Polyposis of the cecum Resection of tbe right side of the 
colon, with open lateial anastomosis 

In each of the foregoing patients, determinations were made in Maishall’s 
laboratoi}'^ to asceilain the concentration of sulfanilylguanidine m the blood 
More than 90 detei minations were made with aveiage total values of from 2 to 
4 mg pel cent In only two instances was the total blood level as high as 5 0 
mg per cent 

Siinilaily, in all the patients the concentration of coliform bacteria in the 
stool was studied befoie and after the administration of sulfanilylguanidine 
This was done by making an emulsion of i cc of stool with 9 cc of P D broth 
Seiial dilutions in the latio of i 9 weie made from this emulsion One-tenth 
of a cubic centimeter of each mixture was added to a tube of desox3'^cholate agar 
and poured into steiile Petri dishes Aftei 48 hours’ incubation at 37° C , the 

Subsequent! j , this was confirmed at operation 

28 



Aoliimp IH 
dumber 1 


SULF ^NILYLGUANIDINE 


numbei of colonics in each plate ^^as counted In evciy patient the con- 
centiation of cohfoim oiganisms was i educed aftei the adminisUation of 
sulfanih Iguanidine, but this i eduction was not consistent, and much addi- 
tional stud} IS nccessai} to detcinune accuiately the effect of this diug on 
the intestinal flora of human beings In Case 4 the estimated numbei of 
cohfoim organisms pei cubic ccntimetci of stool fell fiom 16,720,000 to 
10.000 aftci the ding had been gnen foi 14 days It is to be borne in 
mind, howe\ei, that this is the most exticme change that we have observed, 
and, fuitheimoie, this patient leccivcd sulfathia7ole inti ac enously and by 
mouth m addition to the sulfanih Iguanidine 

A conscientious eft 01 1 was made to detect an} evidences of toxicit} in 
the patients who leceued sulfanil} Iguanidine Although the diug was given 
h\ mouth, none of the patients complained of nausea 01 \omiting Case 3, 
who lecened 24 Gm of sulfanilamide b} mistake, continued to take sulfanil} 1- 
guanidme without ain ill eflect It is also notcwoithy that m Case 4 a most 
extensne lash de^ eloped fiom the use of sulfathiazole This lash faded 
prompt!} aftci the withdrawal of the compound, despite the fact that sul- 
famh Iguanidine was continued ovei eight houis This senes of 12 patients 
IS loo small to permit one to make any statements about the toxic manifes- 
tations that ma} result fiom the use of sulfanilylguanidme 

The dosage of sulfanilylguanidme has vaiicd m the patients lepoited in 
this paper We ha\e come, howe\ci, to gi\e an 01 al admimsti ation of 50 
mg per kilo of body weight e\ei} eight houis as the slandaid dose We 
believe that it is necessar} to continue this amount of the diug foi at least 
a week before aii} opeiatne piocediue is attempted, and 111 every case it is 
necessary to con elate the admmisti ation of the diug wnth the bactenal count 
befoie planning a resection of the laige bow'el 

SUMMARY 

This piesentation of the lecords of 12 suigical patients, wdio received 
sulfanilylguanidme before opeiations upon the colon, is to be looked upon 
merely as the initial step m a far-reaching clinical study It is not justifiable 
to foimulate any conclusions from such a meagei numbei of observations 
One can, how^ever, in all fairness, contiast the postopei ative progress of each 
patient receiving sulfanilylguanidme wnth the pi ogress that might have been 
expected had the drug not been given From this point of view, it seems 
highly probable that Cases 3 and 5 w^ould have died if the concenti ation of 
coliform bacteria had not been reduced befoie operation Furtheimore, it is 
almost certain that without the use of sulfamlylguanidine the intestinal 
w^ounds 111 Cases i, 2 and 4 wmtild have failed to heal po pi imam Of the 
remaining seven patients, only tw^o can be legarded as significant in estimat- 
ing the value of sulfanilylguanidme for laige bow^el surgery These are 
Cases 10 and 12, upon wdioni open anastomoses were successfully perfoimed 
without the slightest evidence of subsequent infection 

The convalescence of the patients described in this report justifies the 
impression that sulfanilylguanidme is a real adjuvant m colonic suigery 
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The chief value of this study is the fact that it points to a new field of use- 
fulness foi chemotherapeutic agents that possess the propeities of sulfanilyl- 
guamdme 


The author wishes to thank Mr Ma\ Broeclel for the illustiations winch were made 
from the WTitten records of the operations 
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Discussion — Dr Leo Brad\ (Baltimoie, IMd ) Thiough the couitesy 
of Doctoi Fnoi, and his associates, I have had the oppoitunity of using this 
diug m two patients The fiist tvas a female, age 25, 111 whom an endome- 
tiiosis had been mistaken foi caicinoma of the sigmoid, with involvement 
of the nteius When I saw' hei, the uteiiis and ovaiies and six 01 eight 
inches of intestine had been lemoved and a colostomy pci formed She w'as 
only 25 yeais old, and w'as not content to continue with the colostomy, she 
was w'llhng to have anything done to o^elcomc that She w'as given this 
diug foi eight days At opeiation, I w'as unable to effect ain type of legulai 
anastomosis so I employed the technic advocated by Balfoui 25 yeais ago, 
of uniting the ends over a itibbei tube and bunging the tube out thiough 
the anus I intended to establish an artificial intussusception, as Balfour 
lecommended, but w'as unable to do moie than bung the two open ends 
into apposition The patient had no vomiting, no nausea and a peifectly un- 
eventful recoveiy 

The second patient had lecuiiing Hunnei’s ulceis, bilateial hydionephiosis 
and a conti acted bladdei I tieated hei by fulguiating the ulcei, but the 
bladdei w'as so conti acted that each time this was done it w'as necessar}' to 
anesthetize hei Finally she developed stones in the left meter She w'as 
given sulfanilylguanidine , the stones w'Cie lemoved and the left uietei im- 
planted into the sigmoid She had a slight elevation of tempeiature foi a 
few' days, but no signs of peiitonitis I opeiated upon hei two w'eeks ago 
She still has bladdei incontinence but can conti ol the mine that she passes 
through the 1 ectum In a few' weeks I intend to implant the 1 ight ui eter into 
the rectum 

Neithei of these women had any nausea noi vomiting, and w'eie able to 
lesume taking the drug almost as soon as they came out of the anesthetic 

Dr Harvey B Stone (Baltimoie, Md ) Thiough the kindness of Doc- 
toi s Firor and Mai shall I have employed this drug m six cases I shall not 
go into details, but theie w'as involvement of the colon of one kind 01 anothei 
m each case They have all suivived opeiation I think one at least belongs 
111 the category of the “ciicus case” you saw' 111 Doctoi Fiioi’s pictuie Theie 
was a peifoiation betw'een the colon and the stomach as a lesult of long- 
standing colitis, and, 111 addition to that, a perfoiating abscess at the splenic 
flexuie She suivived the opeiation w'liich seemed an impossibility at the 
start, and she has gone home well How much value to attiiliute to the diug 
it IS haid to say Seveial of the cases weie the loiitme cases you expect to 
get w'ell aityhow' They all did well w'lth the diug It will lequiie a lot of 
additional expeiimental woik to leally evaluate it 

I w'ant to emphasize a few points to which Doctor Fiioi called attention 
The diug possesses the tw'o remaikable and more or less conti adictory prop- 
eities of being more readily soluble in water than any other sulfonamide 
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conipontul, and on tlic othci hand is Icsb absoi liable finm the a!mKn< u\ 
unct Ouhnanh. nne thinks the piopeih of absoibabilu\ as lame in pm 
poiUon to the pioput\ of solnbiht\ In this case it is not In addilma to 
the^e jilusical jMopeities u ajiiiaunth has a nioie spetilK attack on tin 
(.olon ixiotqi ol oitianisiiis th.in an\ oiiiei dint? d he (.oinbmalion ot iiu~t 
thice (iniditie" — the sdlnbthlx in natci the lessened alisoilialalitc honi ilu 
ahinenlan tout, and tlie sptcilKitc loi the colon j^ronji — ob\ious]\, niakt 
n an ai,H‘nt almost uUalh tlesij^med l«ii attack upon the batldial lloia ot th< 
lar^e bowel 1 heu is one i^thei iioint in its ptactical adninusii.ition i '^Ik ul 1 
like to point out ^'on .ippuenth t;et the hielicst (let,nce ot (itcctiVcnmn a! 
the end ot si\ oi da\s ta adnnnistiatiun It takes about that time a 

preliniinaiN administiation oi this dine[ to insiiic the tnlUsi b icti 1 1 >st u m 
ertccl in the colon ttiouji ot oieanisnis and thib eftect lapidlc (lis.ipjH im 
when the dine is wnhdiawn, and altci sccei.tl da\s ol cessation ot i;i\i i<; 
tile dint;, the bruteiia ua])pcai lajmlh llicicfoic it stems wist o. 

It lot si\ Ol seven <ia\s piioi to the jilanned o])ei.ition and to toutinu in 
administration ot the dinir 'si\ oi seven davs atiei opciation, until w m n 
hcMlinif in the siUme Inu has pioi^iesscd to the stiUjc wheic the altcial’'m i 
the bacterial cvnint is no knieei of sie^nifK.ince 

1 would like to ask Doclo! I'lioi to sav moie about ilie dosage 1 tb < 
we have been ijivme: 4 (on ot the dine: twice a dav 

Dk Arthlk M Siin'it.'i (Ikihimoie Md ) Sevcial weeks ag<' Do^toi 
Firoi was "ood eiumuh to put tins diucj at out clispobal at the Lnivci Vj 
Hospital l)i Monte laivv.uds is especialiv mtcicsted m suigciv 01 the 
rectum and colon, and he lepoited to me, <i tew davs ago, that he had le- 
eentlv lesceted liie signioid tot eatemoma and had peifoimed an open end- 
to-end anastomosis without anv subsequent evidence of infection m the 
wound He leported aNo that’theie had been the same amarmg diop m 
the bactenal count dm mg picp.u.Uion puoi to operation 

Dr Fra.nk H Lviim (Boston. Mass) IIa\e theie been noted any 
contiainclications or <mv evuicnecs ot toxieitv m the use of this drug^ 

Dr WARiiriD 'M Firor (Baltmioic, Md , closing) With lefeience to 
the degiee of absoiption, we have found that the blood level concentration 
ordinal ilv urns between 2 and 4 mg pci cent, and in only two instances did 
it go over 5 mg pei cent i he dosage was expeiimented wnth in this group 
of patients, and at piescnt wc feel that 50 body weight every 

eight houis foi a week hcfoic opciation and a week aftei opeiation is a per- 
fectl) safe amount to gne In some experimental woik, it has been found 
that far bcttci results aie olitained bv givung the ditig at eight-houi inteivals 
than more fiequentl}'’ 01 in a single laige dose 

In answei to Doctoi Lahey I can only say that we have been on the 
lookout for cv'idciices of toxicity 01 contiainclications to the use of this drug, 
and have not found any I talked to Doctor Mai shall just the day before 
yesterday Fie lias been using sulfaiiilylguanidme in a senes of patients 
with bacillaiy dysenteiy with splendid lesnlts, when it is given in the fiist 
three days of illness Ihis lepoit wnll appear m the January isuse of the 
Bulletin of the Johns Hopkins Hospital 

In summaiy, we feel that we aie just at the beginning of our expenmental 
studies on the use of cbemotheiapeutic agents m th e laige bowel 

Read before the Fifty-third Annual Session of the Southern Surgical Association, 
Hot Springs, Va , December 10, II, 12, 1940 
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The present status of pneumonectomy is somewhat analogous to that 
of paitial gastrectomy dm mg the yeais immediately following the first gastiic 
resection by Bilhoth In the minds of many of the medical profession — 
physicians and suigeons alike — the opeiation ])neumonectomy connotes a 
diamatic and ill-advised undei taking accompanied by a teinfic suigical attack 
and fraught \Mth unw an anted ha^aids It is the purpose of this communica- 
tion to lefute such ideas and to i elate a personal e\peiience cnth i8 cases 
of complete pneumonectomy and subtotal lescction of the lung This work 
has been undei taken chiefly at Bellevue Hospital, and it is here, also, that 
Couinand'^ ' and Maier** have been cai lying out their physiologic, and Mis- 
calP° his anatomic, studies Accoiding to autopsy statistics carcinoma of the 
stomach and intestine aie the most fiecpient forms of cancel, and these are 
followed by carcinoma of the lung, which has an incidence of about lo pei 
cent of all malignancies found at neciopsy Like cancel elsewheie, carcinoma 
of the lung invades, metastasizes, and is fatal unless lemoved early Un- 
foi Innately, iiiadiation theiapy, whethei by ladium oi loentgen lay, is of 
little 01 no avail Gastiic lesection foi cancel of the stomach is not only 
accepted but unifoimly lecommended as the pioceduie of choice by the 
medical piofession In St John’s, Whipple’s and Raifoid’s^® senes of i8 
cases, 430 (598 per cent) weie exploied, with a 32 i per cent moitahty, 
and only 9, i 3 pei cent of the total, 01 23 pei cent of the lesections, were 
alive at the end of five yeais In Abiahamson’s and Hinton’s^ senes of 444 
cases, 14S (33 3 pel cent) weie opeiable, and in only 162 pei cent of these, 
01 5 4 pel cent of the total, was gastiic lesection possible Of the opeiated 
cases 77 (50 pei cent) weie operative moitalities Although the vanous 
lepoited senes of pneumonectomies foi cancer of the lung aie, of couise, 
much smallei than the above and covei much shoitei penods, still the lesults 
compaie most favoiably 

In 1939, Overholt^- published a list, collected fiom the literatuie, of 58 
pneumonectomies foi malignant tumois, theie weie 38 deaths, or a mortality 
65 5 per cent At the same time he lepoited his own senes of 15 cases 
with five deaths, a 33 3 per cent moitahty In 1940, he^^ published his 
personal senes of 75 cases of caicmoma of the lung, in which the diagnosis 
had been pioved histologically In 38 (506 per cent) of these, exploratoiy 
thoracotomy was perfoimed, the moitahty is not stated In this gioup, 17 

Read before the New York Surgical Society, December ii, 194()~ Submitted for 
publication October 23, 1940 
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pneiimoiiectoniies \\eie peifoimed with six deaths (35 pei cent) Of these 
pneumonectomies, ten weie complete, with individual ligation of the hilar 
stiuctmes. in foin, mass ligation of the hilum was perfonied, and m thiee,' 
the technic was not stated 

In a senes of 86 pneumonectomies foi cancel lepoited by Ochsner and 
DeBake\,” including se\cn of then own, theie was an operative moitahty 
of 64 pel cent, and a ieco\ei\ of 36 pei cent In 31 of these cases, theie 
was individual ligation of the hilai stiuctmes, in 17, there w^as mass ligation 
at the hilum and in the othcis, the technic is not cleaily stated Reinhofif^’ 
gnes a moitaliU of 10 pei cent m 20 cases 

Hisloiical — Pneumoncctonn was hist suggested by True, m 1881, al- 
though he ncwci attempted it himself Ills suggestion, how^evei, may have been 
based upon the expenmenlal woik of Gluck, 111 i8Sr, who show'ed that animals 
sunned the opciation Ouoling Caitei, cl ol ‘ "In 1892, Hasslei, after the 
lemoial of one lung m a dog ten weeks old. found that the lemaining lung, 
aftei SIX months, complctcl) filled the thoiax, and show^ed histologically noimal 
stiucture with aheoh of noimal si/e ” 

Mohlgaaid and Roosing (1910) iccogni/ed that line h3perplasia of the 
lemaining lung following pneumonectomy occuiied only m >oung animals 
as against a compensaton dilatation m the adult animals 

In 1910, Kummcl perfoimed the hist human pneumonectomy This was 
foi caicinoma, and the patient died on the sixth day Follow mg this, occasional 
pneumonectomies were pcifoimcd unsucccssfull) foi bionchiectasis and sup- 
puration, two of which weie lepoited by Lilienthal, until 1931, wdien Nissen 
leporled a successful pncumoncctom) , by mass ligation, foi bionchiectasis 
Giaham and Singci lepoited the fiisl successful operation foi bionchogenic 
carcinoma m 1933, and weie piomptl) followed, in the same yeai, by Rienhoff 
and then b} 0 \ciholt, with similar successful lesults Since then the list 
has glow'll steadily In Apiil, 1935, L}le^ piesented a patient before the 
New Yoik Surgical Society upon whom he had peifoimed a pneumonectomy 
foi caicinoma Now pneumonectomy is peifoimed w'lthout undue risk and 
with increasing success foi pulmonaiy cancer, suppuiation and bionchiectasis, 
and, occasionally, foi tubeiculosis 

Tcimmology — Even to-day, the term pneumonectomy is so loosely used 
that it may signify eithei of two epnte distinct opeiative pioceduies fiist, 
it may mean the lemo^al of the lung b)'^ the technic of mass ligation of 
the hilum of the lung xvtihm the pJewa This may lesult in amputation of 
the lung across the hilum just wnthin tlie pleura, 01, as is much moie frequent, 
a tourniquet is placed about the hilum and a vaiying fringe of lung tissue 
remains after the pneumonectoni)'’ — paitial 01 subtotal There is still an- 
other type of pioceduie w'heieby, for example, the right middle and lower 
lobes are firstaemoved and then, at a later date, a lobectomy of the light 
upper lobe is also perfoimed Tiue, all of these methods desciibe some 
form of pneumonectomy, but I believe the proper teimmology for any such 
proceduie should be pneumonectomy inUaplewal or pneumonectomy sub- 
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total These aie absolutely dififeient procedures from a complete pneumo- 
nectomy peifoimed zoitliin the mediastimm by opening the mediastinal pleura, 
with individual ligation of the bilai stiuctures, and with removal of such 
lymph nodes as may be possible In my opinion, the terms pneumonectomy 
or complete pneumonectomy should be reserved foi this type of opeiation 
This is important because in going ovei the leports of pneumonectomies one 
encounters a confusion of technics and teims Pneumonectomy foi cancer 
should always be complete, with individual ligation of the artery and 
veins, bronchial closuie, and removal of as many of the bionchial nodes 
as possible If the hilum of the lung is not sufficiently fiee to permit this, 
the case is inoperable, as the giowth has alieady extended beyond the reach 
of suigery In tubeiculosis also, when pneumonectomy is contemplated, it 
should be complete With bionchiectasis and pulmonaiy suppuiation, how'- 
ever, intrapleural subtotal pneumonectomy may be, and m fact usually is, 
the proceduie of choice and may be accomplished in one or seveial stages 
Anatomy — Compai atively little attention has been given to variations and 
anomalies of the vessels at the hila of the lungs It is stated m tlie oidinar}’^ 
anatomic descriptions that the pulmonaiy arteiy may sometimes divide wnthin 
the pencaidium, that occasionally there may be three pulmonai}’^ veins on 
the right oi a single one on the left, and the bionchial aiteiies vai)’’ fiom 
one to three on each side In one instance, we have encounteied three I'ems 
on the light Recently, Hams and Lewns® cited the case of a patient in whom 
an anomalous biaiich fiom the aoita, about the si/e of the celiac axis, enteied 
the left lowei lobe thiough the broad ligament Some yeais ago, w'e en- 
counteied an identical anomaly duting the perfoimance of a right low^er lobe 
lobectomy We have been interested in the vaiiation in size and length of 
the pulmonaiy aitery and veins, and m the shape of the lattei Occasionally 
a vein appeals as a conical piolongation of the aiiiicle and, fuithermoie, the 
pencaidium may be extiemely thin about the veins Miscall has made a 
number of dissections in the fiesh cadavei with this in mind, and has demon- 
stiated to us consideiable diffeiences in the lengths and ariangements of 
the vessels and then fiist Inanches and the piolongation of the pencaidium 
on the veins In all suigeiy about the hilum of the lung such variations 
should be kept in mind and anomalous i^essels sought for 

Physiology and Mechanics — There are two intei locking questions, the 
answeis to which aie of vital concern to these postpneumonectomized patients 
(i) What happens to the pleuial cavity aftei removal of the lung?, and (2) 
wdiat happens to the lemaining lung? If there is no infection the pleuial 
cavity IS normally obliteiated, as Rienhoff^*’ says, by a piompt use of the 
diaphragm, slight curvatuie of the spine, wath a falling dowaiw^aid and 
inwaid of the ribs, some shift of the mediastinum to that side, wath com- 
pensatoiy emphysema of the opposite lung, maiked thickening of the paiietal 
pleura, and the gradual oigamzation of the plasma, wdneh fills the space 
after operation so that a loose mesh of oiganized fibrin and fibrous tissue 
lesults In this meslnvork small collections of fluid may peisist It has 
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been our piactice to aspiiate the pleuial cavity postopei atn'^ely, as often as 
necessaiy to lelieve symptoms and to keep the mtiapleinal piessuie within or 
near normal limits Rienhoff also thinks that the compensatory emphysema 
of the opposite lung is paitly hypertrophy and partly simple dilatation of 
the air sacs without luptuie oi destiuction of the elastic tissue as occurs 
in tiue emphysema 

Studies in embiyology and compaiative anatomy show that actual giowth 
of the lung continues aftei birth, piohabl)^ until about the seventeenth year 
Cai tei and Longacre,® and later Longaci e," have been woi king on this problem 
11 om the physiologic aspect with pneumonectomized puppies and adult dogs 
foi seven yeais At the end of three 3'eais, then lesults seemed to show that 
following pneumonectomy the adult dogs developed emphysema sufficient to 
impaii then activities, wheieas aftei nine months the puppies compensated as 
well as then controls when subjected to similar stiess At the end of seven yeais, 
however, Longaci e feels that eventuall}'- the puppies developed evidence of 
emphysema in compaiison with then contiols On the clinical side, Graham 
and Oveiholt both have patients canying on then usual occupations ovei five 
yeai s after pneumonectom}’- , one had a thoi acoplasty and the other did not It 
will onl}’' he by a cai eful follow-up of such patients that we shall learn whethei 
or not to advise a thoracoplasty to pi event ovei distention of the opposite lung 
and symptoms of emphysema 01 fibrothorax 

Foi seveial yeais, under the diiection of Richaids, Couinand,'^ ° and 
Maiei, ve have been canying on studies along similar lines with tuberculous 
patients both befoie and after suigei}'- Recently, we have included also oui 
pneumonectomy gioup These pioceduies include 

(1) Lung Volume Measurements These aie divided into vital capacity and 
lesidual air, the sum of which foim the total capacity Noimally, the vital 
capacity forms about 75 per cent of the total capacity, and the lesidual air 25 
per cent, vaiying somewhat with sex and age “Increase in the propoition of 
residual air and deciease in the proportion of vital capacity may indicate pul- 
monary fibiosis, congestion of the lung, emphysema (compensatoiy 01 patho- 
logic) or piesence of a pooily ventilated air pocket in the lung ” 

(2) Bieathing Capacity This is less well-undei stood, and “is the measure 
of maximum ventilation per minute or maximum breathing capacity In other 
words, it tests the efficiency of the chest bellows for air displacement ” 

(3) Ventilation undei Vaiying Physical Activity This is estimated “(a) 
under basal conditions, (b) duiing a one-minute period of exercise, and (c) 
during the period of recoveiy following it ” 

(4) ‘'Bi eathing Reserve “The breathing reserve is the excess breathing 
capacity, beyond the actual ventilation used ” 

(5) Efficiency of Ventilation “From each liter of air circulating 111 the lung 
a variable amount of oxygen is lemoved by ciiculating pulmonaiy blood, during 
lest, exercise and recoveiy In pathologic states, poor coordination between 
aeiation and blood perfusion of the lungs, or paits of the lungs, may result in 
inefficient ventilation ” 
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(6) Study of Respuatoiy Gases m Aiteual Blood “In normal subjects at 
lest and during eaily recovery of the standard exeicise, the arterial blood leav- 
ing the lung is between 94 and 98 pei cent of the maximum oxygen saturation 
Values below this range usually mean that a certain pioportion of the blood 
has cii ciliated thiough the impioperly ventilated alveoli " These estimations, 
also made in the immediate postopeiative peiiod, are of consideiable prognostic 
aid and are of great help m the application of oxygen theiapy 

(7) Study of the Ciiculattou “To test the capacity of the heait and pul- 
monaiy vascular bed to accommodate an increased blood flow, to test, that is, 
foi any latent pulmonaiy congestion we have used the venous piessure-m- 
fusion test In this, the level of venous pressure and the vital capacity are fol- 
lowed during the course of a lapid intiavenous infusion If the vital capacity 
decreases significantly dining this infusion it is evidence of congestion m the 
pulmonary vasculai bed, due eithei to a local state of the capillaries 01 to an 
obstacle to the flow of blood in the pulmonai}' veins, or to latent left heart failure 
If the venous piessure shows an abnoimal increase theie is suggestue evidence 
of embai rassment of the light side of the heart undei tiie conditions of the test ” 

Pieopeiatively, we think that, togethei i\ith the other clinical and usual 
laboiatoiy obsei vations, such studies help us estimate the risk of surgery to the 
patient and, at six-inontli inteivals postoperatively, we feel that we aie enabled 
to gam a bettei insight into the lespnatorj' and caidioiespiratoiy status of these 
pneumonectomized patients Our work has haidly begun, and we realize that 
It will take several yeai s to evaluate our results 

A biief lesume of and comments upon the 18 cases may be of interest 

ABBREVIATED CASE REPORTS 
(a) pneumonectomy rOR CANCER 
Ten Cases 

Case I — J M, male, age 52, had noticed a cough, with yellowish sputum for a 
year Seven and five months previously he had had severe hemopUses During the 
three months prior to admission he had lost 25 pounds m weight, and had become weak 
Roentgenograms show'ed a large, solid mass m the right low'er chest Bronchoscopy was 
not undertaken Operation reiealed a large tumor occup3mg most of the right low'er 
lobe The lung w'as free and the hilum normal A complete pneumonectomv was per- 
formed As the bronchus w'as ligated the patient suddenlj' died Histologic Diagnosis 
Bronchogenic carcinoma Comment Peribronchial novocain injection might have pre- 
vented this fatalitj 

Case 2 — T M , male, age 45, had noticed sharp pain under his right scapula and 
in right upper arm for about three months, and there had been a loss of 25 pounds in 
weight Roentgenograms showed a solid, spherical mass in the left midchest, W’ell away 
from the hilum Bronchoscopj' w^as not undertaken Operation disclosed a completely 
free and normal hilum This was dissected, the vessels and bronchi ligated, and the 
bronchial stump sutured In the lower lobe there was a firm mass adherent to the pos- 
terior chest wall The remainder of the lung w’as not adherent On removing the 
lung, it W'as found that the mass in the lower lobe w'as invading the pleura and ribs 
Histologic Diagnosis Bronchogenic carcinoma 

The patient made a smooth postoperative recovery, and was completely relieved of 
his pain The w'ound healed cleanly He did not gain weight, and six w'eeks after 
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operation developed a tiansveise invelitis He died on the forty-seventh day from spread 
of his tumor 

Case 3 — T G , male, age 43, had complained of blood-streaked sputum for two 
months before admission Bronchoscopy with biopsj" revealed a bronchogenic carcinoma 
in the right middle lobe bronchus Roentgenograms of the bones were negative Opera- 
tion revealed a small tumor at the mouth of the middle lobe bronchus The mediastinal 
nodes were enlarged and fiim Complete pneumonectomy was performed, together with 
a dissection of the mediastinal nodes The patient made an uneventful convalescence, 
and the wound healed cleanh One month later a metastasis was noted in the second 
right rib This was removed, and radon seeds implanted The patient went home but 
returned to the hospital very shortl}, and pursued a dowmlnll course, w'lth intense pain in 
his right shoulder A cordotoni} w'as performed wdnch gave relief during the lemainder 
of the patient’s life, which was onl} three w'eeks The patient died seven months after 
Ins pneumonectomy 

Autopsv show'ed recurrence of the tumor in the right pleural cavitj and ribs on 
the right side, wnth involvement of the S3mipathetic chain on the right and several 
thoracic vertebrae 

Case 4 — R B , male, age 60, had noted a “wdieeze” in his left chest for three 3 ears, 
and a slight cough, w'lth mucopurulent sputum, occasionally blood-streaked, for one 3 ear 
Nine months before admission he developed pleuris3' in the left chest from wdnch 200 cc 
of straw'-colored fluid was removed Tw’o months before admission he w'as broncho- 
scoped and a tumor noted m the left mam bronchus On admission to the hospital, he 
w’as rebronchoscoped, w'lth similar findings The biopsy was reported as a broncho- 
genic carcinoma, transitional cell Complete pneumonectomy w'as performed The lower 
lobe show'ed evtensne suppuration and bronchiectasis beyond the tumor The patient 
had a \er3 stormy convalescence, due to auricular fibrillation and the development of 
pneumonia in his right lung, from wdnch he fiiialb’’ recovered onb to develop an empyema 
in his left pleural cavit3 This was drained, w’lth a 11b resection At one time there 
was a small bronchial leak wdnch persisted only a few' davs At the time of operation 
a group of large aortic nodes were iemo\ed No evidence of tumor w'as found in any 
of the nodes but on removing them the recurrent laryngeal w'as injured He was finally 
discharged from the hospital, eight months postoperative, without an3' sign of recurrence 
The reason for his prolonged hospital staj w'as that he had no place to go After 
seven months’ drainage the empyema sinus closed 

Case 5 — W R , male, age 55, had a histor3 of S3 mptoms for ten months, starting 
W'lth grippe and a persistent cough, w'lth about 90 cc sputum a da3' There had been a 
loss of 30 pounds m w'eight He had been attending the Bellevue Hospital Medical Clinic 
for four months He w'as then admitted to the hospital and observed for 17 days before 
bronchoscop3' w'as undertaken, w'hich revealed a tumor in the right mam bronchus just 
below' the middle lobe opening Biops3' showed carcinoma, transitional cell Operation 
W'as dela3ed because of an upper respiratory infection Sputum cultures show'ed Strepto- 
coccus Jiaeinolyticus and St) cptococcus viitdaus A complete pneumonectomy was per- 
formed five w'ceks after admission There w'ere enlarged mediastinal b'lnph nodes The 
patient developed an extensive pneumonia, and died 48 hours postoperative In the operative 
specimen, the bronchial nodes on section show'ed extensive tumor infiltration but there 
W'as none found in the deeper nodes Coiuuicut Operation should have been delayed and 
the patient should have received sulfap3ridme immediatelj' before and after operation 

Case 6 — E B, male, age 31, developed a cough one 3'ear before admission and, 
during the interval, there had been several episodes of hemoptysis Roentgenograms, 
seven months before admission, w'ere reported negative Others, taken one month before 
admission, show'ed a density throughout the left lung, with retraction of the mediastinum 
to the left He had coughed about 90 cc of sputum a day throughout his illness, and 
there had been some dyspnea on exertion throughout the year Theie w'as no w'eight 
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loss After admission, bronchoscopy showed a mass in the left mam bronchus Biopsy 
report was bronchogenic carcinoma, transitional t3’pe A complete pneumonectomy was 
performed three weeks after admission No enlarged mediastinal nodes were noted, but 
as the hilum was dissected it was found that a tongue of tumor extended up along the 
posterior wall of the trachea beyond the carina Inasmuch as this had not been noted 
on preliminary palpation and the vessels had all been ligated, pneumonectomy was com- 
pleted The bronchus w'as ligated and sutured at the level of the trachea, but a small 
piece of tumor on the posterior wall of the trachea was left in situ The patient made 
an uneventful convalescence, and the W’ound healed cleanly He w'as discharged one 
month postoperative He has gained weight since, and when last seen, four months 
postoperative, was still W'ell He was complaining of a dr\ cough at tint time, and 
bronchoscopy showed the end of the bronchial ligature protruding into the bronchus 
Inasmuch as this w'as well embedded m the tissue it could not be pulled out No 
mediastinal enlargement was seen rocntgenologically at that time The patient had 
resumed w'ork 

Case 7 — W J, male, age 54, gave a six months’ storj of loss of w^eight, \ague 
substernal pain, and recent hoarseness and soie throat Roentgenograms showed a 
shadow' in the right middle lobe He was bronchoscopcd twice Tbe first was reported 
as negative, and the second showed the presence of a tumor in the right middle lobe 
bronchus, biopsy from w'hich was reported as bronchogenic carcinoma, squamous cell 
A complete pneumonectomy was performed The lung was entirely free, there was 
no involvement of the mediastinal nodes, and the tumor was found, as described, in the 
right middle lobe bronchus The patient made an uneventful convalescence, and the 
wound healed cleanly Convalescence was complicated bv an infection in one eve and 
also by a cv'stitis, both of which cleared up He was discharged to the convalescent 
wards on the fifty-second day, and has since shown no sign of recurrence 

Case 8 — A , male, age 37, had noticed pain in his right shoulder and upper 
arm for six months There had been a dry cough for two months No loss of weight 
Roentgenograms revealed a large, homogenous and well-circumscnbed shadow in the 
upper part of the right upper lobe Bronchoscopy was not undertaken Operation 
revealed a large, solitary jellovvish tumor in the right upper lobe, adherent on the 
mediastinal side and at the apex A complete pneumonectomv was performed As the 
lung was removed, it was evident that particles of tumor were left along the innominate 
vein and subclavian vessels on the right The patient did verj' well for 12 davs when 
his bronchial stump broke open, following which he developed an empvema He went 
rapidly downhill, and suffered intense pain in the right shoulder and arm which could 
not be relieved Cobra venom, alcohol injections and morphine were all ineffective 
He died on the fort> -second postoperative day 

Autopsy showed an extensiv e recurrence of the tumoi m the right pleural cavitj , 
involving the vertebrae, mediastinum, parietal pleura, and bronchial stump No tumor 
elsewhere m the body The tumor was reported in the operative specimen as a hyper- 
nephroma Kidneys and adrenals, however, were normal at autopsj It is possible, 
therefore, that this may have been an anaplastic type of bronchogenic carcinoma 

Case 9 — I S , female, age 33, had no relevant previous history A dense shadow 
in the left upper lobe was discovered in taking routine roentgenograms while searching 
for a focus of infection to account for a choroiditis Bronchoscopj was not undertaken 
Physical examination was negative for nodes, but showed marked dulness ov'er the left 
apex Aspiration biopsj' was reported as showing a chronic inflammatory process A 
complete pneumonectomj' was performed There were extensive adhesions to the anterior 
chest wall and along the mediastinum It was at first thought that these were not due to 
invasion of the tumor , therefore, the operation was completed, inasmuch as the hilum W'as 
entirelj' free In removing the lung, however, it was found that the tumor had invaded 
the anterior chest wall and that there was a group of enlarged subcoracoid nodes 
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Therefore, along i\ith tlie lung, the intercostal bundles and muscles of the first, second, 
and third spaces, together with the second and third ribs, were removed from the 
sternum to the midaxillar} hue, together with the group of nodes beneath the coracoid 
The patient made a rather slow convalescence, and hei wound healed cleanly Before 
discharge she vas gnen 2,300 r units of roentgenotherapy The tumor was reported 
histological!} , as a reticulum cell sarcoma The patient left the hospital on the forty-second 
day 

On July I, 1940, about two months postoperative, there was no evidence of recur- 
rence either by palpation or roentgenologically, but the patient still had pain m the back 
of her chest, piobably due to retraction and high negative pressure This was in part 
rehe^ed by injection of alcohol into the fourth, fifth, sixth, and seventh intercostal 
nerves Five months postopei ative, the mediastinum appeared normal, and she had 
gained v eight, but a small, firm node had appeared above the left clavicle 

Case 10 — V W , male, age 63, had an hemoptysis ten months before admission, fol- 
lowed b} a month of dail} cough wuth blood-sti eaked sputum, during which time he 
lost betw'een five and ten pounds of w’eight Three months prior to admission, he began 
to ha\e inconstant blood-streaked sputum, since which time he had lost betw^een ten and 
15 pounds On admission to the hospital, he w'as found to have a lesion involving <^he 
upper part of the left upper lobe This could not be seen by the bronchoscope At 
operation, a tumor was found which w’as operable A complete pneumonectomy was 
performed Convalescence was unc\entful except for undue pain and a rather bizarre 
white count running between 4,000 and 16,000, with 10 to 25 per cent polyneuclears 

In leview'ing these ten cases, hist, the anterior appioach was emplo)’’ed in 
all, and, second, there weie two opei ative deaths — one dining opeiation and 
one tw^o days later of pneumonia The fiist moitahty might have been pre- 
vented Ijy injecting novocain about the main bionchus, wdnch w^e have done 
since The second, in view' of his lecent lespiiatoiy infection and sputum 
cultures, should have had his opeiation postponed, and have had sulfapyndine 
admmisteied just piioi to and followung suigery Thiee died of their tumois 
in from 42 to 210 days aftei operation The bionchial stump leaked tempor- 
al ily m one instance, and bioke open m a second, due to tumor invasion 

In one case, fluid had been present m the chest This, how'ever, w'as due to 
pneumonia and not to the tumor pej se I do not feel, therefore, that the pres- 
ence of fluid necessarily piecludes suigeiy, unless tumor cells can be deinon- 
stiated, the fluid is bloody, 01 theie aie other fiank signs of pleural metas- 
tases , 

Of these ten cases, onlj' tw'o patients (Cases 7 and 10) can be considered 
as ideal Of the five who now' suivive, one had extensive suppuration and 
bronchiectasis at the time of pneumonectomy, one had an 11 1 emovable exten- 
sion of cancer along the posterior wall of his tiachea, and one had extensive 
invasion of hei chest wall and lymph node metastases Yet all of these pa- 
tients w'ere greatly benefited by operation — one was w'oikmg four months 
later, another w'as living comfortably in a permanent home, and the third is 
with her family, leading a somew'hat restricted life, and will undoubtedly 
lequire further radiation therapy The tw'o theoretically ideal cases were of 
men in their sixth and seventh decades, and appealed to be somewhat older 
than their stated ages Neither has a home, and because of their general 
arterial status their future is problematic One is m a convalescent home and 
the other about to go to one 


39 



FRANK B BERRY 


Annils of ^iirccn 
July 1041 


In passing, it might be of interest to mention the exploiatoiy thoracotomies 
foi cancer in which pneumonectomy was found to be impossilile During 
this same 17-months’ peiiod 14 such procedures were performed liy the staff 
Theie weie two deaths fiom empyema, in both instances specimens for biop- 
sies fiom the lung had been taken All of the othei patients made prompt re- 
coveries with very little leaction fiom their operations One patient even 
returned to his work as a caipenter, although his pleuia nas covered with 
metastatic nodules and the hilum “frozen ’’ One additional patient, age 60, 
was explored because a bronchoscopic biopsy had been reported to he carci- 
noma At operation, a large, firm mass involving the hilum was found In 
attempting to fiee this the supeiior vena cava was toin with fatal results 
Autopsy disclosed the mass to he a tuberculoma Needless to say, if the 
biopsy diagnosis had been correct, suigery w'ould not have been attempted, 
and, fuithermoie, the case should have been lecognized as inoperable Finall}, 
theie weie 18 patients wnth a pi oven diagnosis, by biopsy, of bronchogenic 
caicinoma, wdio weie considered unfit even foi exploration — all of these died 
while in the hospital 

Thus, of the total 42 patients wnth cancer of the lung, all except six 
from a municipal hospital, 66 6 per cent seemed to w'ariant exploiation, and 
m ten instances, 333 per cent complete pneumonectomy was feasible We 
should be able to look fonvard wnth consideiable assuiance to a definite better- 
ment of these statistics 

(b) bronchiectasis and suppuration 
St\ Cases 

Case II — G W, male, age 23, w'ltli extensive broncliiectasis and suppuration 
throughout left upper and lower lobes, productive of 840 cc of foul sputum a da>, even 
after bronchoscopic treatment and pneumothorax A complete pneumonectomv, with 
individual ligation and suture of hilar structures, ivas performed Result Death from 
pneumonia and empjema, 72 hours postoperative 

Case 12 — I H , male, age 26, with extensive suppuration of his entire right lung 
He had been under bronchoscopic treatment for three months A complete pneumonec- 
tomy, with individual ligation of the hilar structures, was performed Result Death 
on the tw'elfth day of sepsis, empyema, and eventual leakage of the bronchial stump 

Case 13 — M K, male, age 36, with extensive cystic bronchectasis of entire right 
lung A subtotal mtiapleural pneumonectomy w'as performed Result The patient de- 
veloped an empyema, the remaining stump of lung dilated, and the mediastinum shifted 
sufficiently to fill the chest, which had shrunken markedly in size One vear later, the 
patient has a small amount of morning sputum, but is otherwise well 

Case 14 — S K, male, age 28, with chronic suppuration m left low'er lobe follow'ing 
a lung abscess A lobectomy w'as performed Following this, his suppuration extended 
to the upper lobe, and, eventually, this lobe was removed He is now awaiting thora- 
coplasty to close his empyema 

Case 15 — K G, male, age 37, who had suffered from diffuse bronchiectasis in 
his right lung since a crushing injury of the chest five years previously Bronchoscopy 
showed a stricture of the mam bronchus Operation revealed a healed fracture of the 
right main bronchus, w'lth resulting stricture A subtotal intrapleural pneumonectom> 
was performed The patient made a smooth convalescence, without infection of any 
sort He is awaiting further studies to determine the ad\isabilitv of thoracoplastj 
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Case i6 — S G, female, age 27, had suffered from dry bronchiectasis of the left 
lowei lobe for years with fiequent attacks of pneumonia Roentgenograms showed what 
was considered to be a large cvst of tbe left upper lobe Operation levealed a laige 
thin-w ailed cvst occupying the entire upper lobe Tins communicated through a very 
minute opening with the lower lobe, w'bich w'as completely fibrosed about a group of 
\ery large thick, dilated bronchi containing only a small amount of secretion Except 
for the communication w'lth the low'cr lobe there W'as no demonstrable bronchus to the 
upper lobe Subtotal intrapleural pneumonectonn w'as performed The patient re- 
co\ered without infection She is now' awaiting a decision as to thoracoplasty, because 
of a small bronchial leak that de\ eloped tw'O months after operation 

As it SO happened, in this small gioup all the subtotal intrapleural pneumo- 
nectomy patients lecoveied and the two wuth complete pneumonectomy suc- 
cumbed to the opeiation It is fan to say, howevei, that these two had highly 
infected and giossly suppuiatmg lungs at the time of opeiation and hence were 
most precarious opeiative risks 

(c) TUBERCULOSIS 
Two Cases 

Case 17 — N N, male, age 34, had had an extensive tw'O-stage extrapleural thora- 
coplastj' of eight ribs, and an apicoljsis, on the right His apical cavity still remained 
open After several months of sanatorium care, a complete pneumonectomy w'lth indi- 
Mdual ligation of the hilar structures w'as performed, after bronchoscopic examination 
showed the mam bronchus to be normal Following operation the patient exhibited 
extreme djspnea, and died on the third day During this period his arterial oxygen 
did not drop below' 85 per cent but in spite of this and an oxjgen atmosphere of 60-70 
per cent his dyspnea persisted 

Autopsy failed to show' a cause of death The pleura w'as clean, the bronchial 
stump tight, and the other lung free of disease This suggests true mediastinal flutter, 
which might have been controlled by tight packing, inasmuch as firm closure of the 
chest W'all w'as impossible due to the former thoracoplasty 

Case 18 — M S, female, age 32, w'ho had been operated upon many times because 
of a mixed infection empyema and bronchial fistula Inasmuch as her fistula and positive 
sputum persisted she requested pneumonectomy The bronchus was the site of a healed 
tuberculous stricture, and there w'as model ate contralateral infiltration Complete pneu- 
monectomy W'lth individual hilar ligation w'as performed, and the chest firmly packed 
She did rather w'ell at first but then developed increasing dyspnea and signs of bioncho- 
pneumonia in the opposite lung and died on the ninth postoperative day Roentgenograms 
showed what W'e thought to be an exacerbation of her tuberculosis 

Notwithstanding these tw'O fatalities I feel that pneumonectomy is indicated 
in ceitain selected cases of pulmonaiy tuberculosis, moie especially those w'lth 
a healed stenosed bronchus This should always be complete with individual 
ligation of the hilar structures Probably the moitahty will ahvays be higher 
in this group 

Snmmaj y — A history of the development of the operation pneumonectomy 
has been given briefly and its application to certain types of disease described 

The anatomic, mechanical, and physiologic factors that should be considered 
have been discussed 

Eighteen clinical cases have been summarized, in which pneumonectomy 
has been performed during the period betw'een May i, 1939, and October i, 
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1940 In ten of these, the operation was pei formed foi cancer, with two 
opeiative deaths Complete pneumonectom}' was performed in each instance 

In SIX, the operation was pei formed for bionchiectasis, suppuration, or 
cystic disease Theie weie two opeiative deaths In both of these a complete 
pneumonectomy was peifoimed, in the other four, a subtotal intrapleural 
pneumonectomy was the pi ocediii e 

The third gi oup compi ises two cases of advanced chronic pulmonary tuber- 
culosis Both died 

A compaiison is given of the lesults of surgery foi cancel of the stomach 
and of the lungs The opeiative mortality is less foi exploratory thoracotomy 
and pneumonectomy than it is for exploratory celiotomy and gastric resection 
for cancel 


CONCLUSIONS 

(1) The teim “pneumonectom}'” as used at present is inexact Theie 
should be moie specificity, hence “complete pneumonectom)'” and “subtotal” 
or “incomplete mtiapleural pneumonectom}^” are suggested As to complete 
pneumonectomy, I am in full accord with Rienhoflf vhen he says “No lung or 
peribronchial tissue 01 lymph nodes should be left behind If such is the case 
a complete pneumonectomy has not been performed ” This always means 
individual ligation of the vessels and closure of the bronchus \\ ithin the medias- 
tinum 

(2) In cancel, when a pneumonectomy is consideied, it should always 
be complete Intiapleural mass ligation of the hilum is to be condemned 
Again to quote Rienhoff “Only those patients m whom the lung is, in the mam, 
flee from the chest wall, and the hilus unmvolved, should be subjected to 
operation, otheuMse a lelatively safe surgical pioceduie will be bi ought into 
disrepute ” 

(3) Pneumonectomy is the pioceduie of choice m ceitam cases of bron- 
chiectasis, cystic disease, or suppuration It may be either complete or sub- 
total mtiapleural Probably the lattei will be safei 111 the majoiity of instances 
because of the possibility of infection 

(4) When pneumonectomy is indicated foi pulmonary tuberculosis, it 
should always be complete This will lessen the dangei of dissemination of 
the disease and persistent bronchial fistulae 

(5) Operative mortality statistics for pneumonectomy should be cleaily 
diffei entiated First, accoidmg to the disease — cancer, bronchiectasis and 
suppuration, or tubei culosis , and, second, as to whether 01 not the pneumonec- 
tomy was complete or a subtotal mti apleural procedure 

(6) There is but little m the liteiatuie about vascular anomalies of the hila 
of the lungs These should be recorded when encountered 

(7) It IS important to study the respiratory and cardiorespiratory physi- 
ology of patients aftei pneumonectomy, in order that we may advise, and ti eat 
more intelligently, this glowing group of patients These studies should be 
thieefold (i) as an aid to ascertain the opeiative risk of the patient, (2) to 
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stud} the patient subsequent to pneumonectomy, (3) to deteimme, eventually, 
hethei 01 not a thoi acoplast} should be 1 ecommended following pneumonec- 
tomy 
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Drscussrox' — Dr Howard Lilicnthal (New York) The paper by Doctor Berry is 
an important one from many points of view^ The exact definition should be noted The 
significance is total removal of the lung with its section within the mediastinum and with no 
pulmonarj' tissue remaining But Doctor Berry admits that, in cases neither cancerous nor 
tuberculous, the operation may be performed mtrapleurally It should then be specifically 
designated 

Discussion of all the divisions of the paper would be impossible at this time For 
example, the studj' of measurements of volume, respiratory capacity, ventilation, study 
of arterial blood and of the circulation in general, might well form the subject of an 
entire volume Although I am incapable of doing more than to bring the subject to your 
attention, it is well that Doctor Berry has shown the importance of studying these branches 
of pathology and physiology in most of the cases which come to the attention of the 
surgeon, both before and after operation And, naturallj’-, one should be, so far as 
possible, acquainted with abnormal anatomic facts, particularljq the vascular — arterial and 
venous — irregularities 

In the technic of the operation itself — pneumonectomy — it is the surgeon’s art which 
may well determine the result, as distinguished from his knowdedge of the scientific 
aspect which he must learn from those who work with him 
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Practically all of this has been discussed in the paper itself, and I mention it now 
so that the operation itself may not occupy the “center of the stage ” 

The sudden death of a patient during an intended pneumonectomy has been men- 
tioned I believe that this misfortune is more frequently observed during mtrathoracic 
procedures than m other operations I have had this accident happen in two of my 
cases — m both during ligation of a bronchus In a third, not one of intended pneumo- 
nectomy, I had used an exploring needle to locate, if possible, a metallic foreign bod\ 
The “dead” patient came to life after long-continued artificial respiration He still has 
the foreign body in or near the mediastinum and I haie refused to make further efforts 
to relieve him surgically of the cough, which he thinks persists because of the presence 
of the offending little bit of metal 

Whether the employment of a local anesthetic would prevent this accident, it would 
be impossible to ptovc, even though there were a large number of cases And, too, 
there is always the possibility of idiosyncrasy 

The patient in Doctor Berry’s series, who coughs because of the presence of a rather 
long thread of silk within the bronchus, might, perhaps, be relieved bv electrocautery 
through the bronchoscope 

As to intrapleural pneumonectomv in suppurative disease, it seems to me well worth 
contemplating, because, especially here, complete removal of the diseased parts is not 
so imperative as it is in cancer or tuberculosis 

Dr HrRBERT C AIaifr (New Yoik) said that he and Doctor Cournand had been 
investigating vaiious phy^siologic disturbances and readjustments following pneumonectomv 
The patients have been studied befoie operation and at varying intervals after pneumo- 
nectomy In the immediate postoperative period, one of the problems has been the arterial 
oxygen saturation, which indicates whether the blood is well oxvgenated during its passage 
thiough the pulmonary circuit In those cases in which the patient had a very satisfactory 
clinical course, it was found that the oxygen content of the arterial blood returned to a 
normal level within a few days following pneumonectomv In cases with emphvsema 
or with some complication m the postoperative period, the readjustment is somewhat 
slower and mav take several weeks These studies of the deteimination of arterial 
oxygen have been u-.ed as a guide as to how long oxygen therapv should be continued 
To rely upon clinical criteria, such as dyspnea and cvanosis, is not satisfactorv , these 
signs are too inaccurate to be a reliable guide as to whether oxvgen deficiency is present 
Obtaining blood for arterial oxygen saturation determination is a relatively simple 
procedure Blood is usually obtained from the brachial arterv and the procedure, once 
mastered, is no more difficult than the obtaining of blood from a vein 

As for changes in pulmonary function some months following pneumonectomy, final 
conclusions are not available at present In those cases in which the tumor was located 
in a mam bronchus, and the lung had undergone considerable atelectasis before operation, 
the respiratorv function is changed very little by tbe pneumonectomv An important 
factor IS the relatively slight thoracic deformity which follows uncomplicated pneumo- 
nectomy 

A point of great interest, is whether theie is actual destruction of the elastic tissue 
and the early development of emphysema in cases of pneumonectomy m which the 
organization of fluid results in a marked retraction of the mediastinum and an associated 
increased size of the remaining lung We are studyang these patients at mterv'als of 
several months after operation The time interv'al is at present too short for us to draw 
any final conclusions, but it is Doctor Maier’s hope that by continuing the observ'ations it 
will be possible to arrive at a possible answer to tbe question whether, in some cases, 
thoracoplasty should follow the pneumonectomy, in order to dimmish the extent of 
mediastinal deviation and to lessen the effect that the displacement may hav'e on the 
contralateral lung 

Dr Carl Eggers (New York) brought out the fact that several cases shown by 
Doctor Berry in Ins paper, indicated that decided progress had been made in thoracic 
^irgery during the last few years This presentation should be stimulating to all of us 
The technical problems of the radical operation of pneumonectomy have been largely 
mastered It is a very' difficult operation, one should not lose sight of that Doctor 
Neuhof touched upon the possibility of treating some patients by a procedure less exten- 
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sive than a total pneuinoiicctoniv It is only a small group of cases in which that will 
be possible Personalh, I haie had onlj one patient with an intralobar caicinoma in 
whom an upper lobectomv w'as sufficient These cases are very apt to have a pleural 
imasion, and become inoperable from that standpoint 

The greatest technical adiance in peifoiining pneumonectomy has been made since 
Rienhoff stressed the importance of treating the stiuctures of the hilum by individual 
ligation through an anterior incision Aside from the importance of the proper technic, 

howe%er, there are those physiologic problems to considei that Doctor Berry touched 

upon, and which his coworkers ha^e emphasized They are not clarified as yet, and 
progress is still, undoubtedly, going to be made Then theie is another phase wdiich 
we must not lose sight of ic that in these carcinoma patients w'e are dealing with 
cancer which, in the lung, presents the same charactei istics as in other organs We must 
emphasize the importance of getting the patients eail} Just as in carcinoma of the breast 
or stomach if the patients are operated upon and the lung resected before the lymph 
nodes are imohed, a fair percentage of reco\eries ma\ be looked for It is surprising 

how long it takes before the diagnosis is made in most of these cases Both clinicians 

and roentgenologists must learn to interpret s3mptoms and findings accurately and earlier, 
then we ma} hopefulh look into the future for better results 

Dr Charlts W LiSTbR (New’ York) said that w'lth regard to pneumonectomy in 
children, that some of the most brilliant results aie going to be found m this class of 
case, because the work of Longacre and Carter, in Cincinnati, suggests that there maj 
be an actual increase in the size of the lung after pneumonectomy Doctor Cournand has 
been studying the pneumonectomies that we have perfoimed on the Cliildren’s Suigical 
Sen’ice at Bellc\ue Hospital during the past three j’ears The first was performed by 
Doctor Bohrer, in October, 1937, so we haie studies upon patients wuth pneumonectomies 
of more than three j eat s’ standing, although othcis are more recent These studies all 
show’ that the children are able to compensate verj’ well for the loss of the lung Of 
course, the pneumonectomies w'ere all undertaken for suppurative disease, and the lung 
was remo\ed intraplcurall\ Therefore, they have not had the complete pneumonectomy 
that IS undertaken for carcinoma How'ever, all the functioning lung has been removed 
When these studies ha^e been completed, and the children have been follow’ed for a greater 
length of time, I bche\e that w'e w'lll find there is an actual regeneration of lung, that the 
remaining lung can take on the function of the lung that was removed , and that these 
children w'lll be able to grow’ up w'lthout any impairment in their respiratory function 

Dr Frank B Bfrr\ (New’ York) said, in conclusion, that he was particularly 
grateful for Doctor Lihenthal’s discussion Although the speaker did not mention the 
various operations — lobectomy vosus pneumonectomy for carcinoma — he was in agree- 
ment W’lth Doctor Neuhof that some cases do well following lobectomy, he is not com- 
pletely persuaded that every case of carcinoma should have a pneumonectomy performed, 
though he may be so convinced at some future time 

Doctor Berry thoroughly agreed with Doctor Eggers that a great deal can be accom- 
plished if patients are seen early Of the cases shown, at this time, one had had symp- 
toms of the lesion ten months, and the other six months , both happened to be favorable 
cases Another patient, whom Doctor Berry thought would be favorable, had had symp- 
toms for more than two years He developed a very peculiar metastasis recently — 
apparentl}’ a solitary metastasis in his pectoralis major muscle on the operated side, 
although the tumor was deep in his bronchus, and there was no spilling as the lung was 
removed That developed about one year after operation 

As to the patient with the silk ligature he had a small piece of tumor m the 
posterior w’all of his trachea He w'as well until one month ago when he noticed pain 
in his chest, and is now back in the hospital with empyema, which developed in one of 
the small pockets of fluid, w’hich is a source of danger in leaving a chest full of organized 
fibrin and fluid Some of the pockets, although sterile at the time, are potential foci foi 
later infection Doctor Berry did not think, however, that this was the whole story 
with this patient The patient is beginning to be hoarse and has a w’lde mediastinum, 
probably from recurrence of his carcinoma 
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Three years ago, befoie this Association, one of us (H W C ) dis- 
cussed the suigical treatment of chioiiic inti actable ulcerative colitis, and 
presented the case histones of six colectomized patients Radical procedures 
were advocated as curative measui es whei e ii reversible changes had occurred 
The senes is now consideiahly laiger We have performed 90 operations 
upon 50 individuals Thei e wei e 1 1 deaths, a gross mortalit}' of 22 per cent 
The 50 cases subjected to surgeiy were selected from 301 patients seen 
and studied on the Giay Service of the Roosevelt Hospital during the past 
five years (Table I) 

The wider expenence makes it justifiable to enumerate and discuss factois 
influencing the opeiative mortality, and to suggest measures vhich ue be- 
lieve will help in Its reduction The inflammation and ulceration extending 
deep into the colonic wall, with the secondaiy pathologic changes in other 
tissues that characterize this disease, predispose to a high mortality 

It has been difficult to deteimme, vith any degiee of accuracy, the in- 
cidence of the disease, and difficult to estimate the exact moitahty, for no 
large series has been leported We have learned fiom the Bureau of Records, 
that 111 New Yoik City, with a population of 7 347,000 individuals, 1,823 died 
of cancel of the stomach in 1939 In the same year 1,454 died of cancer 
of the colon, 804 died of cancel of the lectum, while only 59 died of ulcera- 
tive colitis 

A comprehensive iindei standing of the progiess of the disease is essential 
before moitahty rates will he loweied It is a cyclic lecuiring disease usually 
divided into four stages (i) Phase of acute activity (2) Phase of con- 
valescence (3) Phase of quiescence (4) Phase of eaily recurrence 

The principal indirect moitahty factor m the treatment of ulcerative 
colitis is that suigeiy comes too late The thought of permanent ileostomy, 
with the dread of cai mg for an almost continuously discharging stoma on the 
anterior abdominal wall, militates against eaily surgery, yet, it has to he 
tolerated, in order that these unfoitunate individuals ma}’’ live 

The physician who sees these patients early must be impressed with the 
disastrous effects of delay, paiticulaily when the process has reached an 
irreversible stage When he has been enlisted to the cause of earlier inter- 
vention there will he leal hope of diminishing the moitahty 

The two major, direct moitahty factors aie hemorihage and peritonitis 
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jMassive licmoiihagc in the acute fulminating stage of the disease has been 
fatal frequently in the past, e\en befoie ileostomy could be contemplated as 
a prchmmai} piocednie Oni expeiience \Mth ileostomy peifoimtd earl} 
atter massne hemoiihage has piOAed, foi the most pait, unsuccessful We 
have decided, foi this icason that piofuse hemoiihage is no longer an in- 
dication foi suigci} , and lecommend iisKing the outcome with intelligently 
administeicd dosages of Mtannn K, if the piothiombm is low, and vitamin C, 
and transfusions The spasm uhich piedisposes to hemorihage is relaxed 

T\iill I 


TOTAL SURGICAL PROCEDURES 


TYPE OF PROCEDURE 

NUMBER 

ILEOSTOMY 

34 

PARTIAL COLECTOMY 

8 

SUBTOTAL COLECTOMY 

24 

ABDOMINO-PERINEAL RESECTION 

7 

(removal of enlirc colon and rectum 4] 


CAECOSTOMY 

1 

ILEO-SIGMOIDOSTOMY 

6 

ILEO-TRANSVERSE COLOSTOMY 

2 

EXPLORATORY CELIOTOMY 

6 

(including division of adhesions releasing obstruction, 
volvulus, and attempted removal of rectum ) 


CLOSURE OF COLOSTOMY 

2 

TOTAL NUMBER OF SURGICAL PROCEDURES 

90 

NUMBER OF PATIENTS OPERATED UPON 

50 

TOTAL NUMBER OF SURGICAL DEATHS 

11 

GROSS OPERATIVE MORTALITY 

22% 


with belladonna and papaveime hydiochloiide If this type can be earned 
consei vatively beyond the stage of acute activity with bleeding, into a more 
chronic foim of the disease, fatalities will be avoided 

Ileostomy is not a difficult oi formidable piocedure, yet it is one attended 
with a consideiable moitality, eight of our ii deaths followed ileostomy 
Of the 34 ileostomies peifoimed, 22 were elective and 12 weie undertaken 
as emeigencies 

The 50 pel cent mortality (Table II) in the emergency group is high 
Three of the six, however, had perforated before opeiation, and died from 
the effects of a preexistent peiitonitis 

These patients are admittedly poor surgical risks, regardless of whether 
one classifies them as acute fulminating, with actual or impending perfoiation, 
with or without massive hemoirhage, chronically ill, or intractable and 
debilitated by inadequate and faulty medical management 

The diead of all surgeons mteiested m colonic surgeiy is peritonitis, it 
IS the major cause of death m this disease Nine of the ir fatalities m our 
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senes were due to this complication Thiee of these cases had perforated 
before opeiation was undertaken, two seemed unavoidable, and four weie 
due to technical eiiois on oui pait which resulted m peritonitis In these 
last four cases, one followed embai i assment to the cii dilation of a loop of 

Table II 


ILEOSTOMY DEATHS 


TYPE OF 
SURGERY 

NUMBER 
OF CASES 

DEATHS 

MORTALITY 

Ileostomies 

34 

8 

23 % 

Emergency 

Ileostomies 

12 

6 

50 % 

Elective 

Ileostomies 

22 

2 

9 % 


ileum which was hi ought out upon the anteiioi abdominal wall in an effort 
to increase the safety factor Two resulted from dropping back what was 
thought to be a healthy duided stump of the distal segment of the colon, 
and the fourth was due to soiling rrhile dividing multiple intra-abdominal 
fistulae at the time of colectomy 

We highl}' lecommend the technical procedure of forming a mucous 
fistula in the various steps of the operation The distal divided end of small 
or large bowel is thus allowed to remain open on the abdominal wall instead 
of being sutured and replaced into the peiitoneal cavity 

Dining the past year, in an attempt to obviate peritonitis, w^e have given 
sulfanilamide orally as a pieopeiative medication At operation, we have 
poured from 6 to 8 Gm of the ciystalline sulfanilamide into the abdominal 
cavity prior to closure 

The inti a-abdominal application of the drug has been performed in some 
so cases of suppurative appendicitis at the Roosevelt Hospital The dramatic 
effect against local abscess and spreading peritonitis, as characterized by the 
lack of a single death from appendicitis duiing 1940, prompted us to use the 
drug in this manner 

We have not attempted, as others have done, to take down an ileostomy 
and establish an anastomosis between the ileum and lower sigmoid, for fear 
of a resulting peritonitis or spieading of the disease from the questionably 
healthy sigmoid into the healthy ileum 

Theie aie other factois which play a role in diminishing fatalities follow- 
ing surgery One of the most important is the accuiate evaluation of the 
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patient’s true condition, hcfoic opeiative measnies are instituted In oui 
opinion the most difticult pioblem is to choose the wisest moment for suigery 
Impending pcifoiation is unquestionably an indication 

In the chionicall} ill iiidniduals thcie aie two gioups in which we feel 
justified to achise suigei} (i) Wheie theie is a piogiessive and continuous 
extension of the pathologic changes (2) VVheie the} continue to have chai- 

Tmilu III 

OCTOBER 1 . 1940 


MORTALITY FACTORS 


NAME 

TYPE OF 
SURGERY 

EMERGENCY 
OR ELECTIVE 

REASON 

FOR SURGERY 

CAUSE OE DEATH 

CDR 

Ileostomy 

Emergency 

Perforation 
before operation 

Peritonitis 

B D 

Colectomy 

Elective 

Intractable 

Peritonitis 

W E 

Ileostomy 

Elective 

Intractable 

Embolism 

E H 

Colectomy 

Elective 

Intractable 

Peritonitis 

F G 

Ileostomy 

Elective 

Intractable 

Peritonitis 

M H 

Ileostomy 

Emergency 

Impending 

perforation 

Peritonitis 

Hypoproteinemia 

-F-K 

Ileostomy 

Emergency 

Fulminating 

Peritonitis 

J M 

Colectomy 

Elective 

intractable 

Peritonitis 

J N 

Ileostomy 

Emergency 

Hemorrhage 

impending 

perforation 

Paralytic 

ileus 

D R 

Ileostomy 

Emergency 

Perforation 
before operation 

Peritonitis 

G S 

Ileostomy 

Emergency 

Perforation 
before operation 

Peritonitis 


acteristic peiiods of lecuiience and 1 emission accompanied by an extensive 
involvement of the colon 

In ordei to dimmish the moitahty m the surgical treatment of ulcerative 
colitis, we cannot emphaswe too strongly a meticulous and prolonged medical 
investigation of these patients Many abnormal conditions should be cor- 
rected befoie suigery is undei taken Among them are 

(i) Active food allerg}^ — the test diet method has proven satisfactory 
m many instances These patients do better on a piotem diet than 
on a diet high in cai bohydi ates, as has hitheito been considered the 
appiopriate "colitis diet There has been a vaiiety of foods which 
have appealed to play a pait m the mechanism of this disease, 
most of these individuals have been allergic to either milk, wheat 
or eggs It can be said, with some degree of accuracy, that approxi- 
mately 50 pei cent of tlie patients indicate that food allei gy plays 
a considerable role 
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It has been noticeable that no evidence of food sensitization has 
been demonsti ated during the acute stage of the disease, and it 
has been learned that allergic individuals seem to go through phases 
of active 1 eactions as well as phases without reaction 

It has been emphasized b}' Mackie^ that “all patients sufifenng 
from this disease should be lepeatedly studied in an effort to 
demonstrate a food allergy mechanism ” 

(2) Distuibed physiology of othei paits of the digestive tract should 
be corrected Gastric anacidit}' pioduccs diarrhea and flatulence, 
hvpomotihty of the colon \\ith right-sided retention contributes to 
the degree of pain 

(3) Functional diets too low in proteins, thiamin chloride, vitamins 
A, C and D , and cei tain membei s of the B complex 

(4) Anemia should be combated 

(5) Distui bailees of mineral metabolism, including calcium, phos- 
phoius 01 sodium chloride 

(6) General inalnutiition and inanition 

We believe that adequate and detailed pieoperative surgical preparation 
will assist materially in loweiing the mortality Fluid balance and the blood 
chemistiy can be fairly accurately regulated by daily infusions and trans- 
fusions ^^^e know that vitamin C is 1 educed not onl} preoperatn ely but 
postoperatively Therefoi e, these patients are satui ated with sufficient vitamin 
supplements A nonresidue diet 48 hours prior to the pioposed operation 
helps in keeping the bowel empty, and lead and opium pills and paregoric 
render the intestine quiescent 

In the eailier group of patients operated upon we used aveitin, gas-oxygen- 
ethei as the anesthesia Lately we have been of the opinion that a spinal 
anesthesia definitely facilitates the operative maneu\ei, lessens complications, 
and IS relatively safe We prefer to use the Howard-Jones solution of nuper- 
caine in 1-1500 dilution with 05 per cent saline To protect these patients 
against psychic trauma, they aie given three nembutal tablets orally two 
hours before the time of operation, followed in one hour by morphine grains 
1/6-1/8 with scopolamine giains 1/150-1/200 hypodermaticall)’’ Many of 
these patients doze thioughout the opeiation and often have little memor}’^ 
of their surgical expeiience Fifteen minutes before being brought to tbe 
operating room, the patient receives an intramuscular injection of ephedrme, 
50 mg , to assist m maintaining the blood pressure 

Spinal punctuie is made with the patient m the horizontal position, and 
the head of the table slightly elevated The second lumbar space is usually 
chosen, in ordei to obtain sufficiently high anesthesia The dose is varied 
from 14 to 19 cc , depending on the height and general condition of the patient 
Those individuals of shoit stature, of about five feet three inches, or patients 
whose resistance has been lowered by the disease receive a smaller dose 
The solution is injected slowly Nupercaine solution is lower m specific 
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gravit}^ than the spinal fluid, so the patient is immediately turned to the pi one 
position to obtain satisfactoiy anesthesia of the posterior sensory loots 

An infusion of saline solution oi saline and glucose is staited at the time 
that the incision is made This, we believe, is helpful m pi eventing any seiious 
fall in blood piessuie Should the patient become lestless we have not hesi- 
tated m supplementing the spinal anesthesia with inhalations of niti ous oxide 
Oxygen inhalations aie administered at inteivals thioughout the opeiation, 
particulaily if theie aie signs of nausea, coloi change, lespirator}^ distuibances 
or fallen blood piessure 

Table IV 


SURGICAL MORTALITY 


PROCEDURES 

NUMBER 
OF CASES 

DEATHS 

MORTALITY 

PERCENTAGE 

Ileostomy 

34 

8 

23% 

Colectomy 

Subtotal 

24 

2 

8% 

Partial 

7 

1 

14 % 

lleo-sigmoidostomy 

6 

0 

0 

Combined 

Abdomino-perineal 

resection 

7 

0 

0 


When the disease has involved the entne colon, a thiee-stage operation, 
we believe, has proven safest Fust, ileostomy, second, subtotal colectomy, 
third, proctectomy In the pioximal type, wheie the cecum, ascending and 
transveise colons aie involved, ileosigmoidostomy (end-to-side), with the 
distal divided end of the ileum Iirought out as a mucous fistula, has pi oven 
eminently satisfactory in our hands 

In that group where the disease has invaded only the rectum and the 
descending colon, transverse colostomy with the removal of the descending 
colon as a first-stage, and removal of the lectum as a second-stage, has been 
successful except in one instance, and that fatality was due to an error in 
judgment, by attempting to close ovei the distal divided end of the sigmoid 
and dropping it back in the peritoneal cavity at the first-stage 

Careful postoperative management, especially following ileostomy, is con- 
sidered of more vital importance than after the other two stages In order 
to insure the immediate functioning of the small bowel through the newly 
made ileostomy stoma, adequate fluids aie administered by venoclysis The 
chloride and calcium content of the blood, as well as the serum protein are 
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checked and an attempt is made to keep up these constituents to a normal level 
To maintain the chemical balance, the detei niination m both plasma and seium 
IS helpful 

Administiation of thiamin chlonde aftei operation impioves the appetite 
These patients are thus more easily coaxed into eating early In order that 
the ileal stoma may function almost immediately aftei opei ation, we feed them 
almost immediately aftei their leturn fioin the opei ation Chew mg gum, melba 
toast, crackers and cracked ice the day of opei ation seem to start the ileostomy 
diamage A soft, low lesidiie diet in small feedings is given every three 
houis beginning the afternoon of operation The second day postoperatn e, 
a soft diet wnth copiiis amounts of fluids is given , and on the third da)", a 
solid diet IS permitted 

Beneficial results of this eaily feeding aie (i) The ileostomy stoma 
begins functioning fiom 12 to 24 houis after opei ation (2) There is a mini- 
mum amount of postopeiative gas and distention and so tlie iisk of vomiting 
and ileus is minimized (3) The weight is maintained and thus the usual 
convalescent w'eight loss is rai ely moi e than thi ee to five pounds 

CONCLUSIONS 

Radical surgeiy has pi oven justified m the tieatment of mti actable ulceia- 
live colitis The piimaiy 11101 talit)" factoi, 111 oui opinion, is that surgery is 
oflfeied too late Hemorrhage and peritonitis aie dieaded complications of 
this disease, and those patients wdio have hemoirhages are best treated by 
medical management Let us emphasize the inipoitance of a prolonged and 
caieful medical investigation, and tiige that the surgeon sec the patient during 
this time of preoperative medical study 

Ileostomy is associated w'lth a highei moitahty than are the other pioced- 
ures, such as subtotal colectomy and proctectomy 

Oral sulfanilamide, pi eoperatively, and placed into the peiitoneal cavity 
in the foim of crystals at the time of operation has been helpful m reducing 
the mortality 

The extei loiization of the distal divided end of the small bow'el as a mucous 
fistula after ileostomy is justified as a technical piocedure, this also applies 
to the tr eatment of the distal divided end of the sigmoid after subtotal colectomy 
It IS a maneuvei that prevents a “blow-out” of the sutuied stump, thereby 
averting peritonitis 

REFERENCE 

^ Mackie, T T Jour Amer Diet Assn 14, No 3, Alarch, 1938 

Discussion — Dr Frank H Lahcy (Boston, Mass ) This is one of the 
subjects, I am very certain, that needs frequent discussion, and is a subject, it 
seems to me, rvherein is well-illustrated the value of the combined efforts of 
the gastro-enterologist, surgeon and the internist, as is tine of thyroid disease 
Doctoi Cave has associated with him Doctoi Mackie, who is also iirteiested 
in the subject, and, thus, it makes an ideal set-up It is a dangerous disease 
because of the limited number of cases occurring m any one man’s hands 
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except those iiho have a paiticulai interest in it, and the price of acquiring 
expel lence is an extiemely high moitahty Therefore, it is veiy desiiable 
that eveiyone \\ho is dealing with this type of patient, to any great extent, 
should bring then experience before us 

Doctoi Cattell and membeis of the Gastro-entei ologic Depaitment of the 
clinic, have been much inteiested m the subject of ulceiative colitis, particu- 
lar!)' dining the past ten yeais Opeiative treatment has been necessaiy m 
a consideiable numbei of these patients, due to complications of the disease, 
and I should like to present oui suigical expeiience We have had 280 
patients with ulceiative colitis, and in this total group, 80 ileostomies weie 
peifoimed, vith a moitahty of 20 per cent Fuithei, m this group of 80 
cases, 43 total colectomies, an opeiation which includes the lemoval of the 
rectum, neie earned out in stages, ivith thiee operative deaths In addition, 
14 paitial colectomies were perfoimed without operative moitahty when the 
ulcerative process ^^as segmental or limited to part of the colon The high 
opeiative mortality following ileostomy is due to the fact that this piocedure 
had been delayed too long, and death in these cases is usually due to pei- 
foiation of the colon In five patients the ileostomies have been disconnected, 
restoiing the fecal stieam, and these patients have remained well This 
proceduie is justifiable only after a long period of obseivation following 
ileostomy, with complete clinical remission of the disease Fuithennoie, two 
additional findings must be piesent befoie it is considered (i) The proc- 
toscopic findings must be negative, showing complete healing of the mucosa , 
and (2) the baiium enema should demonstiate distensibihty and contiac- 
tihty of the colon The fact that the fecal stieam can be lestoied in a few 
cases without reactivation of the disease makes us feel that eaily ileostomy is 
justifiable befoie extensive damage occuis to the colon 

Theie aie a few points, I think, which should be bi ought out and stressed 
One is that the moitahty 111 ileostomy, as you see in these statistics, is about 
20 pel cent This is due to the fact that medical men and patients do not want 
to face an ileostomy, but we must all strive to see that ileostomies aie not 
undertaken as late as they frequently are Medical men and gasti o-entei - 
ologists do not want ileostomies perfoimed, and quite propeily so (i) Be- 
cause it is such an undesirable type of entei ostomy, (2) because they know 
that the disease is chai actei ized by remissions, and so put it off with the 
hope that this will occui When the patient has a high tempeiatuie, is pros- 
trated, and everyone — the patient, his family and the medical men — are all 
convinced that an ileostomy should be made, it is frequently too late We 
must peifoim ileostomies moie often at the time when patients do not want 
them done, if we aie to diminish the mortality percentage which goes so 
often with this procedure, when it is undei taken late 

We have repeatedly said, never perfoim an ileostomy of the end-type in 
the acute stage, that is, with the division of the ends, peifoim, at this time, 
only the loop-type of ileostomy This is an emergency, when the patients 
are extiemely ill, with high temparatuie and intoxication If you spend the 
time, then, dividing the ileum and implanting it at two different levels so that 
later you can perfoim a colectomy in the stage of the disease which is acute, 
you will often have a fatality A fatality at that time will fiequently occur 
because the wall of the bowel is filled with infected organisms, the mesentery 
with septic thiombi, and the manipulation consequent to cutting the bowel 
across will cause peiitonitis 

Theie aie some rough but practical rules relative to when to perfoim 
an ileostomy Ceitamly, any patient who has been tliiough two acute episodes 
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of ulceratn'c colitis deserves an ileostomy, and it is dangeious to let him go 
beyond this point Following an ileostomy many of these patients are greatly 
improved, but latei have lecuiience of fever, the discharge of blood and pus, 
and tenderness ovei the colon This is usually due to leactivation of the 
bowel and blocking-up of its contents due to cicatiization, contiactures and 
stiictuies Ceitainly, aii}'^ patient who has had two episodes of elevation of 
tempeiatuie, and blood and pus from the colon aftei an ileostomy deserves 
consideiation of a total colectoni}' 

Theie is no moie dangeious operation than ileostomy m terms of possible 
latei complications Often the abdominal wall about the ileostomy is apt to 
be digested fiom the effects of the initatmg ileal contents Theiefoie, it is 
extiemely impoitant to fix the ileostomy to the paiietal peritoneum under 
the edge of the wound, thus guaidmg against the possibility of a loosening 
of the ileostoni)'' fiom the abdominal wall and its reti action into the abdomen 

W e do not agi ee that every patient with a i igid colon is a candidate 
foi ileostomy and colectomy W'e have seen at least a few patients with 
rigid colons who have gotlon on, and are getting on, quite well over a long 
peiiod of time We believe that one cannot geneialize as to this point, but 
that each case should be dealt with individually 

W e need, moi e than anything else, to get the moi tahty rate m this disease 
down b} bettei coopeiation between the medical men who see these cases 
eaily, and the suigeons vho unfoi tunatel}' now have to opeiate upon them 
so late 

Dr H \rve\ B Stone (Baltimoie, Md ) I thought it might be of interest 
to Doctoi Cave, and the audience, to tell )’’OU that we ha^e tiled m a limited 
iiumbei of cases the effect of this new' diug, sulfanilyl guanidine, in ulcer- 
ative colitis as a theiapeutic measute In these few cases, it is my opinion 
that it has no value as a cuiative tieatmcnt of the basic disease One oi tw'o 
of these patients we have been able to follow' quite closely One patient is 
a membei of the Suigical Staff He had an ileostomy pei formed about a 
yeai ago, and foi a numbei of w'eeks has had the colon iriigated with sul- 
fanilyl guanidine, and has had lepeated pioctoscopic examinations made The 
mucosa is appaiently just as inflamed as befoie, so that any hope that may 
have existed as to the cuiative pow'Ci of this diug m this disease is not apt 
to be sustained I think it wnll piove very effective as preoperative treatment 
to cut dowm the colon group of floia m the liow'el and, therefoie, to render 
these dangeious colectomies and ileostomies much less dangeious than they 
would be w'lthout admimstiation of the drug 

Theie is one othei point I w'ould like to mention briefly I quite agree 
that if one expects an inci eased numbei of patients m whom singer}' may 
lead to a definitive cuie of chronic ulceiative colitis, w'e must peiform earlier 
ileostomies It is not onlv the leluctance of the suigeon and the patient to 
submit to the ileostomy that defeis opeiation, but it is, also, the fact that it is 
a cyclic disease, and the patient and the doctor constantly live m hope that 
next week oi next month the patient will come out of this stage and go into 
the quiescent stage — they keep on hoping and defei ileostomy It seems to 
me that there is a specific evidence of beginning change m the colon which 
can be obtained that is, i oentgenogi aphic evidence of inci easing iigidity and 
loss of haustiation When the patient begins to show' evidence of change, 
I think it IS likely that he is going into a stage of pathologic development 
w'hich W'lll not be reveisible, and if you expect to establish an ileostomy with 
the hope of ultimately closing the ileostomy, it must be undertaken early, 
before irreversible changes occur 
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Dr Henri W Ca\e (New Yoik City, closing) I should like to bring 
out two 01 thiee points, one, is a factoi I believe will i educe the moitabty — 
the type of anesthesia Up to one yeai ago we employed geneial anesthesia, 
but we find nov that spinal anesthesia, nupei came, will give bettei anesthesia 
and expedite the opeiation We do not like to huiiy, and it is not as neces- 
sary 111 most operative pioceduies as it used to be But I believe, in taking out 
the entile colon m despeiatel)^ sick people, a ceitain amount of speed will 
help 1 educe the moitabty Foimeil}', we took off the omentum fiom the 
transieise colon and let the tiansveise colon diop more easily We have 
abandoned that We do not think it necessaiy Foimeily, we did periton- 
i 7 ation of the aiea by lemoving the colon, and ive have abandoned that We 
do not think it necessaiy 

I should like to emphasize Doctoi Lahey's statement that w^e should not 
be consideied meie aitisans in doing this, I know of no othei disease where 
close cooperation is moie necessaiy We have this Ulceiative Clinic, as it is 
known Doctoi Mackie is theie and I see the cases wuth him It is some- 
times difficult to lefiain fiom operation, but I think the suigeon should be 
the one to decide and not let the pltysician pull him into it Although we 
have not done it, I think Doctoi Lahe3^’s idea of bringing out a loop on the 
anteiior wall, and nothing else, is a good one in the despeiately ill patients 
I think his classification of when ileostoni}'^ and when colectomy should be 
undertaken is \eiy cleai It is interesting to hear Doctor Stone sa} that 
they used sulfanilyl guanidine and had no lesults I peisonally cannot see 
how' any drug can get into the colonic wall and lesult in any sort of lestora- 
tion 

To go back to Doctoi Lahey’s telling of where he has lestoied the fecal 
stream b}’’ putting it through the colon I believe in cai efully selected patients, 
where 3^ou aie suie the lectum and low^ei sigmoid is somewhat lestoied, it 
might be advisable Doctoi Stone, at the Ameiican Surgical Association, 
bi ought out a veiy ingenious idea of peifoimmg a type of ileostomy with a 
pocket in it, and I think that should be given consideiation Fuither, what 
he sa3^s about the earl3’' changes m the colon wdnch may be demonstrated 
roentgenogi aphicall3'^, is significant, and then you make youi ileostomy and 
make it early I did not agree with him last spiing, but I am confident that 
w^e have had cases m the early stages wdieie they could have been saved had 
they had ileostomy earlier 

This paper w'as read before the Fifty-third Annual Session of the Southern Surgical 
Association, Hot Springs, Va , December lo, ii, 12, 1940 
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FROM Till I)H\nTMlNTS 01 SLRfUll AND IVTIIOIOC^, UM\HISIT\ OI MICIIIC^N \NN ARBOR MICH 

A KNOWLEDGE of the incidence and the location of the regional lymphatic 
metastases from caicmoma piimary m the large intestine is essential m the 
tieatment of this disease 

This study, similai to one made In us on the i egional h mphatic metastases 
of the lectum,^ and the stomach,- is based upon the dissection and examina- 
tion of all the lymph nodes fiom 46 cases of caicmoma of the laige intestine 
This included the following distribution 


T \iiLr I 
Site of Tumor 

Cecum 

Ascendmp, colon 
Hepatic fle\ure 
Transverse colon 
Splenic flexure 
Descending colon 
Sigmoid colon 


No of Cases 

4 

4 

3 

P 

3 

3 

20 


Tot'll 


46 


The l3miph nodes weie dissected from each specimen after they had been 
visualized (Fig i) wnth dealing by the Spalteholtz method, as modified by 
Gilchiist and David ^ All nodes w'eie examined mici oscopically and the lesults 
charted on a diagiam, upon which eveiy node w'as indicated The presence 
or absence of 1 egional lymph node metastases w^eie then coi related with 
(i) The age of the patient, (2) sex, (3) duiation of symptoms, (4) gross 
type of neoplasm, (5) size, (6) circumferential extent, (7) depth of infiltra- 
tion, (8) microscopic type, and (9) the degree of cellulai differentiation 
Lymph nodes may be isolated by this method which, because of their 
smallness, go unnoticed by the usual method of dissection Many large nodes 
weie found to be inflammatory and many small impalpable nodes w^eie found 
to contain metastatic carcinoma Unless a lymph node w^as definitely replaced 
by carcinoma, it was impossible to deteimme without microscopic section 
whether it was involved These facts of observation demonstrate clearly that 
the operative piocedure should not be minimized because of the absence of 
palpable lymph nodes It is in these cases that cure may be obtained if the 
operation be ladical 
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As a lesult of this special method of investigation, 28 of the 46 cases 
studied, 01 60 87 pel cent, showed evidence of legional lymph node metastases 
An aveiage of 52 07 nodes was isolated pei specimen There was an aveiage 
of 594 nodes isolated pei specimen in cases having nodal involvement and 
41 4 nodes in those v ithoiit metastases Of the carcinomata of the right colon, 
62 5 pel cent showed metastases m compai ison to 60 per cent of those of the 
left colon 

The supeiioiity of this method of detei mining the piesence of legional 
lymph node metastases is leahzed when these findings aie compai ed to those 
of othei workers Craig and MacCaity,'^ in 1923, studied the incidence of 
regional lymph node metastases fiom 100 cases of carcinoma of the cecum by 
the usual method of dissection They w^eie able to isolate only 1025 nodes 
pel specimen, w ith an incidence of nodal involvement of 32 per cent Hayes, ^ 
m 1921, found an incidence of 37 pei cent nodal metastases in caicmoma of 
the large intestine, excluding the cecum, m wduch only 1406 lymph nodes per 
specimen weie isolated Rankin and Olson, m 1933, repoited an incidence 
of 34 per cent legional lymph node metastases m 187 cases of carcinoma of the 
right colon, and only 31 pei cent m 260 cases of carcinoma of the left colon 

In 1939, Simpson and ]\Ia3'o" leported an incidence of 41 4 per cent nodal 


metastases in 120 patients 

W 1 th 

caicmoma of the colon 

These were 

tributed as follows 


Table II 


No of Cases 




No of 

with 


Site of Tumor 

Cases 

Metastases 

Percentage 

Right colon 



2 g 

14 

SO 0 % 

Transverse colon 



IS 

6 

40 0% 

Descending colon 



26 

12 

46 2% 

Sigmoid colon 



SI 

IS 

29 4 % 

Totals 



120 

47 

Avg 41 4% 

The incidence of nodal 

metastases and the anatomic distribution of 

cases are 


Table III 


No of Cases 




No of 


with 


Site of Tumor 


Cases 


Metastases 

Percentage 

Cecum 


4 


3 

75 % 

Ascending colon 


4 


2 

SO % 

Hepatic flexure 


3 


I 

33 3 % 

Transverse colon 


9 


7 

77 7 % 

Splemc flexure 


3 


2 

66 6% 

Descending colon 


3 


2 

66 6% 

Sigmoid colon 


20 


II 

5S 0 % 

Totals 


46 


28 

Avg 60 87% 


It is interesting to note that thei e w^ere thi ee patients wath w^ell-dififei entiated 
papilhferous adenocarcmomata of only Grade II malignancy, who had small 
hepatic metastases wathout demonstrable local legional lymph node mvohe- 
ment 
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Regional 13'mph node metastases is only one factor in deternuning the 
operability and prognosis of caicinoma of the laige intestine Inoperability or 
poor prognosis may lesult from extensive local infiltration, hematogenous 
metastases 01 peiitoneal implants Ten per cent of the neoplasms (five of 
46 cases) showed micioscopic evidence of iiifiltiation into blood vessels This 
figure IS slightly less than the incidence of 15 pei cent microscopic mfiltiation 
of blood vessels noted by us 111 both carcinomata of the lectum and stomach 
These were, m early cases, suitable for operation prioi to dcmonstt able gross 

hematogenous metastases As to local 111- 
filtiation, 93 I per cent had completely in- 
filtrated through the bowel vail This is 
a constant souice of free peritoneal im- 
plantation 

Lymphatic Diainagc of the Laige In- 
testine — Delamere, Poirier and Cuneo,® 
and Jamieson and Dobson” weie the first 
thoioughly to investigate the lymphatic 
diainage of the laige intestine This con- 
sists of thiee systems The intramural, 
mtei medial y , and extramural lymphatic 
netwoiks 

The mtiamural system consists of the 
submucosal, intermuscular and subserosal 
netwoiks Where the large intestine is 
devoid of a continuous longitudinal mus- 
cle layei, the mteiniusculai and subseiosal 
netwoi ks are the same The lymph chan- 
nels begin about the mucosal glands of Liebeikuhn and drain to the submu- 
cosal network This netwoi k communicates fieely with similar channels 
above and below the site of the lesion, but lymph tends to flow towaid the 
deepei intermusculai and subserosal netwoiks Since lymph channels follow 
the couise of the radial blood vessels aiound the circumference of the bowel, 
carcinomata of the laige intestine, as well as the lectuin tend to be annular 
The lymph then flows fiom the intramuscular system thiough the intermediary 
lymph channels to the exti animal Ijmiphatic system This consists of a group 
of nodes and lymph channels anatomically ananged about the blood vessels 
and are desciibed by Jamieson and Dobson” as coriespondmg to these vessels 
Thus, thei e is the ileocolic chain , the right colic chain , the middle colic chain , 
the left colic chain , and the mferioi mesenteric chain Along each chain, 
theie are aggregations of nodes that are designated as the epi colic, paracolic, 
intermediate, and the mam gioup of nodes 

The epicohc nodes he anterior 01 posteiior to the intestinal wall The 
paracolic nodes are located upon the medial aspect of the intestine along the 
vascular arcades and the short terminal vessels leading from the arcades 
The intermediate nodes are situated about midway between the arcades and 

58 




Fig I — PhotoRnphs of cleared specimens 
of carcinoma of the rectum 



Volume 

Number 
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Fir 2 — (A) Fine ilrnwiiiB ilhistr itiiiK the legion il Ijmplntic met ist iscs 
ilonp the ileocolic clnin from c ircinonn of the cecum (H) Line (Iriwing 
illustritinR the downward spicnd of lymph itic mttastises to the ileocolic 
eh un from carcinoma of the iscending colon 




Fig 3 — (A) Line drawiiifc illustratinR two routes of hmphitic metastases 
from carcinoma of the hep itic flexure, one downward ilonj, the ileocolic chain, 
the other aloiiR the middle colic chain (15) Line drawing illustratiiiK two 
routes of lymphatic metastases from carcinom i of the hep itic flexure, one iloiiK 
the ri(,ht colic chain, the other along the middle colic ch iin 
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the origins of the ileocolic, colic, or sigmoidal blanches, whereas the main 
group surrounds the stems of the vessels at their origins 

The ileocolic loute of spread drams the terminal ileum, cecum, appendix 
and the greater pait of the ascending colon Figure 2 A aptly demonstrates 
this loute of lymph node metastases fiom caicinoma of the cecum In Figure 
2 B, a caicmoma of the ascending colon, the downward metastases toward the 
ileocecal junction is well shown 




Tio 4 — (A) Line drawing illustrating the rcgioml Ijinplntic spread -iloiig 
the middle colic chain from carcinoma of the transaerse colon and also the 
metastases of carcinoma of the transverse colon to Kniph nodes in the 
omentum (B) Line drawing illustrating the regional l>niphatic metastases 
from carcinoma of the splenic flexure 

The right colic chain drains the area supplied by the right colic artery 
These nodes aie not constant, in that the light colic artery is not constant 
They maj^ diam downward into the ileocolic chain, may go medially toward 
the supeiioi mesenteiic nodes, or may dram upward into the middle colic 
chain Figure 3 A, demonstrating the lymph node metastases of a carcinoma 
of the hepatic flexure, illustiates two loutes of spread, one downwaid along 
the ileocolic chain, and the othei passing more medially along the middle 
colic chain Whereas, in Figure 3 B the carcinoma of the hepatic flexure 
appears to be metastasizing by the right colic chain, as well as the middle colic 
chain, to a lesser extent 

Similarly, the middle colic chain drains the area of distribution of the 
middle colic artei)'’, that is, the upper part of the ascending colon, hepatic 
flexure and the proximal two-thirds of the transverse colon Since the direction 
of the middle colic artery is to the right, toward the head of the pancreas, m 
the base of the mesocolon, the spread of metastases is downward and then 
toward the light Furthermore, there is a communication between the 
lymphatics of the transverse colon and those of the omentum, which dram 
into the nodes along the greater cuivature of the stomach Figuie 4 A illus- 
trates this point 

The left colic chain drains the area of distribution of the left colic artery 
(Fig 4 B) Neoplasms of the distal one-third to one-half of the transverse 
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colon ^\0l1ld tend to diain towaid the left, wlieieas neoplasms of the upper 
descending colon might diani eithei upwaid toward the splenic flexure (Fig 
5 A), or dowm\ard towaid the sigmoidal vessels (Figs 5 and 6) Lesions 
of the splenic flexuie may spiead through lymphatics of the omentum and 
eventually dram to the splenic lymph nodes 




Fig 3 — (A) Line driwing illustrating the upward Ijmphatic metastasis 
of carcinom'i of the descending colon along the left colic chain (B) Line 
drawing illustrating the regional hmphatic metastasis of carcinoma of the 
desending colon along the sigmoidal chain 

The inferior mesenteric chain, and specificall) the sigmoidal division, drains 
the area of distiibution of the sigmoid vessels Heie, the intermediate nodes 
lie along the sigmoidal vessels, while the mam nodes lie along the course of 
the inferior mesenteiic vessels Figures 6 A and y show% diagrammatically, 
the lymph spread of carcinoma of the sigmoid colon, demonstrating metastases 
to the epicolic, paiacolic, and intei mediate lymph nodes wdilie a single para- 
colic metastasis is seen m Figure 6 B 

Since It IS impossible to deteimme the presence or absence of regional 
l3anph node metastasis b)'’ manual palpation, and since this study has showm 
that 60 87 per cent of the neoplasms of the large intestine have metastasized to 
lymph nodes, the suigeon must recognize the necessity of including these areas 
wuthin the confines of the operative resection, even in the absence of palpable 
nodes 

Lymphatic vessels diffei from blood vessels in that instead of one or twm 
channels draining the same aiea, the lymph is returned by a iiumbei of chan- 
nels wdiich tend to form a plexus about the blood vessels There may also be 
a number of efferent vessels to any one node, thus explaining the observation 
that contiguous lymph nodes may not be involved As a lule the epicolic 
nodes are the first to be involved by metastatic neoplastic emboli How^ever, 
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Tig 6 — (A) line dnwinj: illustrntinf^ rc^ioml Knipli node mctn^tnscs to 
the cpicolic pnncolic nnd intcrniedntc I\niph nodc«5 of the sifrmoKhl clnin 
from cnrcinom I of the st^,nioid colon (IJ) line dnwinp illu^trntini? the 
smguHr rc|,ioinl piricohc nictnstnsis from cnrcinonn of tlic *;igmoid colon 
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A B C 

- 7 “-“(A) Photograph of gross specimen of sigmoid colon illustrating poljposis of the colon m 

which lour of the polyps had undergone malignant proliferation (B) Photograph of cleared specimen 
Miown m 1 igure 7 A (C) Line drawing illustrating the regional Ijmph node metastases from car 
cinoma of sigmoid colon demonstrated m Pigure 7 A 
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often the neoplastic embolus is contained within a l3n-nph channel that drains 
dnectly to eithei the paiacohc or intermediate nodes without piimary epicohc 
lymph node involvement L} mph nodes act as bai ners to filter out neoplastic 
emboli A neoplastic embolus entei s a l3nnph node by its pen- and subcapsulai 
lymph channels If the metastasis leinains viable, it sets up a new neoplastic 
focus, tending to block the lymph channel, which then becomes dilated and 



Tie 8 — Dngrammatic drawing illustrating the hmphatic metas 
tases from carcinoma of the colon The dotted lines represent the 
ideal lines of section of the mesocolon to include the possible epicolic, 
paracolic, and intermediate Ijnipli node metastases 

distended with l3miphocytes L3miph flow becomes static and other neoplastic 
foci are often established along the couise of the lymph channels The direc- 
tion of l3miph flow determines the direction of lymphatic metastases If the 
lymph channels become plugged ivith neoplastic emboli, then the l3a'nph will 
find unobstructed channels and neoplastic emboli may metastasize along other 
zones of spread 

Figure 8 summaiizes, diagrammaticall3'-, the l3TOphatic drainage of the large 
intestine The sui geon should include within the confines of the resection not 
only the primary groivth but also its epicohc, paracolic and intermediate nodes 
of lymph drainage If the carcinoma has metastasized to the main group of 
tymph nodes at the origins of the vaiious vessels, then geneialized metastases, 
undoubtedly, have alread3'’ occuried, and any operative procedure would onty 
be palliative in character In Figure 8 , the dotted lines represent the ideal 
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lines of section of the mesocolon for the vaiious sites of carcinoma of the large 
intestine and simply restate the original suggestions of Jamieson and Dobson ^ 
Age and Metastases — The average age of patients with metastases was 
50 9 years, m compai ison to 59 i yeai s m those ithout Thei e were two 
cases 18 years of age, a brothei and sistei, both of whom had polyposis of the 
colon, with multiple aieas of cai cmomatous prohfeiation (Fig 7) Although 
these caicinomata were giaded II and III, there was evidence of early hepatic 
metastases at the time of operation Since both patients were obstiucted, 
resections weie perfoimed, and the bowel continuity restored The third 
youngest patient, a male, age 27, also had lymph node metastases There 
were eight patients 67 years of age 01 over, five of whom (62 5 per cent) had 
metastases Seventy-five pei cent of the patients (nine of 12 cases), 50 years 
of age or below, had metastasized, m comparison to 558 per cent of the 
patients (19 of 34 cases) above 50 yeais of age This substantiates the view 
that prognosis is less favorable m the younger age-groups than the older 
S'ei and Metastases — Theie was no essential difteience bet^^een sex and 
the piesence of lymph node metastases Sixty-one point nine pei cent of the 
male patients (13 of 21 cases) had nodal involvement, m comparison to 
60 per cent (15 of 25 cases) of the female patients 

Dwatwn and Metastases — It was noted that the patient ^\lth a shoit dura- 
tion of symptoms did not always have as favorable a pi ognosis as the patient 
who had had symptoms for a longei peiiod of time In the gioups, as a 
whole, theie was an average duration of 10 4 months m patients having regional 
lymph node metastases, as compared to an aveiage of li 5 months m those 
without In analyzing the data fuither, theie was an incidence of only 40 per 
cent metastases (four of ten cases) in patients who had had symptoms for two 
years 01 moie, m contrast to an incidence of 73 per cent metastases (eight of 
II cases) in patients with symptoms of thiee months or less This emphasizes 
the fact that many patients with symptoms of long duration and n ho are still 
operable often have the best prognosis, m that the neoplasm is slowly gi owing 
and of low malignancy These appaient discrepancies aie explained by the 
fact that only lesions that were resected could be studied and all inoperable 
lesions are thus, automatically, excluded fiom the study 

Gjoss Types and Metastases — The carcinomata of the large intestine weie 
classified into two groups, the polypoid and the sessile The classification 
was based entirely upon whether the neoplasms tended to be bulky and to grow 
out into the lumen (polypoid) or whethei they were plaque-hke and tended 
to infiltrate — to be invasive (sessile) The other gross chaiacteristics, such 
as stenosing, annulai, consti icting, and ulcerating, we did not feel to be of 
any clinical value in determining prognosis or likelihood of metastases It is 
frequently stated that carcinomata of the right half of the colon are large, 
ulcerating, fungating, polypoid caicinomata and that those of the left colon are 
small, annular, stenosing, scirrhous carcinomata Differences in the gross 
characteristics of these neoplasms are not the result of any inherent factor 
within the neoplasm itself to assume these forms, but rather are the result of 
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the location in which the) aie found The cahbei of the right colon is considei- 
ably larger than that oL the left colon, consequently a neoplasm will ha\e 
acquiied a laigei size in the light colon than the left befoie symptoms lefeiable 
to its piesence aie made known 1 hete wete as man)'’ polypoid caicinomata 
ot the left colon as of tlie light colon, and m all cases theie w'as evidence of 
ulceiation Twenty of the 13 caicinomata of the sigmoid flexure w^eie stenos- 
ing in chaiactei — one m the ascending colon, two 111 the hepatic flexure, four 
m the transceise colon, thiee in the splenic flexuie, and thiee m the descending 
colon None of these caicinomata was showm, microscopically, to be scirrhous 
in chaiactei As to the con elation between gross type and regional lymph 
node metastases, 57 5 pei cent of the polypoid neoplasms (23 of 40 cases) had 
metastasized, m companson to 83 3 pei cent ot the sessile neoplasms (five of 
SIX cases), demonsti ating the moie benign chaiacter ot the polypoid growths 
iS'irrc Gijo' Mciasfascs — It has been mentioned that the group with metastases 
had gnen s}mptoms a shoitei time that those w ithout It is of interest to note 
that the incidence of metastases is highei 111 the smaller lesions than m the 
larger In order to anne at a more acciiiate figure as to the size of the 
neoplasm, its aiea lathei than an) one diameiei wdb used The average size 
of carcinomata of the light colon W’lth metastases was 32 7S sq cm , in com- 
parison to those without metastases, m which the neoplasms aveiaged 395 
sq cm Similarly, the aveiage size ot neoplasms of the left colon with 
metastases was 22 ii sq cm , 111 comparison to 31 73 sq cm in those without 
metastases Thus, we see that the neoplasms in which nodal involvement 
occurred w'ere definitely smaller than those in which theie were none, indi- 
cating that the smallei neoplasms giving rise to s)mptoins weie more malig- 
nant m chaiacter and metastasized sooner Fuithermore, it is noted that the 
neoplasms of the right colon aie consideiably larger than those of the left 
The largest neoplasms of the entire group were those located m the cecum, 
these averaged 46 56 sq cm in size — accountable by the fact that the caliber 
of the lumen of the cecum is the largest in size 

CiJ cmnfe) ence Involved and M efasfases — In no case was there less than 
25 per cent of the ciicumfeience involved The majority of the neoplasms 
(37 of 46) W'ere completely annular In only three instances had the carcino- 
mata involved less than 50 pei cent of the lumen and, in three cases, had 
involved less than 75 per cent of the lumen The remaining three cases were 
included in the gioup having from 75 to 100 per cent circumferential involve- 
ment Because of the large incidence of completely annular carcinomata, the 
correlation between circumferential involvement and metastases is not striking 
It IS noted, how'ever, that of the thiee cases in which between 25 to 50 per 
cent of the circumference was involved, only one had metastasized 

Depth of Infiltiatwn and Metastases —As might be expected from these 
observations, in which 40 of the 46 carcinomata w'eie either completely annular 
or found to involve over 75 per cent of the bow'el circumference, and had also 
attained large size before symptoms were produced, in all but three cases the 
neoplasm had completely infiltrated through the bowel wall Of the three 
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infiltrating only partially thiough the musculature, two had alieady metasta- 
sized Consequently, any attempt at coi relation of depth of infiltration and 
the presence of lymph node metastases is futile 

Degiee oj Celhilai Differ enUaiion and Meta<;tases — ^The preponderance of 
the carcinomata weie giaded II as to cellular differentiation This included 
36 of the 46 patients Theie weie nine neoplasms graded III, and only one 
giaded IV There were no Grade I carcinomata in our series As shown in 
Table IV, the incidence of lymph node metastases was directly proportional 
to the degree of cellular differentiation 

Tault: IV 

DEGREE or CELLUL\R DIEFERENTIATION \ND MET \STASES 



No of 

No sMth 


Grade 

Cases 

Mctastises 

Percentage 

11 

36 

21 

SB 3% 

in 

9 

6 

66 6 % 

IV 

I 

I 

too % 

Totals 

46 

28 



Mia oscopic Type and Metastases — The majority of the carcinomata were 
found, histologically, to be simple adenocarcinomata These composed 29 of 
the 46 cases The papillifeious adenocaicinomata had the smallest incidence 
of nodal involvement These metastasized in only 37 per cent of the cases 
The medullaiy adenocaicinomata had the highest incidence of metastases, and 
metastasized in 80 per cent of the cases The second highest incidence was 
noted 111 the adenocaicinoma mucosum Table V designates the number and 
incidence of the vaiious histologic types with metastases 

Table V 

HISTOLOGIC TTPn AND METLSTVEES 



No of 

No with 


Histologic Tj pc 

Cases 

Metastases 

Percentage 

Papillifcrous adenocarcinoma 

8 

3 

37 S% 

Adenocarcinoma (simplex) 

29 

iS 

62 07% 

Adenocarcinoma mucosum 

4 

3 

75 0% 

Medullary adenocarcinoma 

S 

4 

80 0% 

Totals 

46 

28 



SUMMARY AND CONCLUSIONS 

A study of the lymph nodes in 46 specimens of carcinoma of the colon was 
made by David and Gilchrist’s modification of the method of Spalteholtz An 
average of 52 nodes were isolated per specimen These were examined micro- 
scopically and chaited on diagrams Sixty point eighty-seven per cent of the 
specimens showed evidence of involvement of the lymph nodes by metastases 
There was an average of 59 4 nodes isolated pei specimen in those showing 
nodal involvement, and 41 4 nodes isolated in specimens showing no metas- 
tases Sixty-two point five per cent of carcinomata of the right colon showed 
metastases, m comparison to 60 per cent of those of the left colon 

The routes of spread of carcinoma by the lymph channels are discussed 
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Size of nodes is not an index of metastatic involvement Duration of disease 
and size of tumoi are not corielative nith extent of nodal involvement 

Operation for removal of cai cinoma of the colon should be planned on an 
anatomic basis, so as to include lymph node-beaimg aieas rather than on 
palpability of lymph nodes The piesence of metastases in lymph nodes from 
cai cinoma of the colon is moie fiequent than indicated by previous studies 
based on isolation of l)anph nodes by gross methods of dissection 
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RECURRENT CARCINOMA OF THE RECTUM 

Frank S Johns, M D 
Richmond, Va 

Case Report — In November, 1924, a male, age 26, was referred to the Jolinston-Willis 
Hospital for stud}" Two years ago, in 1922, the patient had first noticed blood on defeca- 
tion For about a >ear thereafter his condition showed little change, but, in 1923, he began 
to feel that there was some obstiuction low down m his abdomen, and that his bowel mo\e- 
ments w"ere incomplete Occasional laxatives failed to rehc\c him He resorted to eneniata 
about three times a w'eek, which afforded temporar} relief He became ner\ous, but slept 
well, had an excellent appetite, no nausea or \omiting, and no abdominal pains except when 
enemata w'Cie not employed He had lost about ten pounds during the past }ear 

He consulted his family phjsician earl> in the fall of 1924, complaining only of the 
rectal bleeding and the constipation, w'lrch had increased o\er the past 15 months 

This patient’s faniilj" history was significant A brother died of carcinoma of the 
stomach at age 27, his grandfather died of carcinoma of the rectum In 1919, the patient 
had an infected ulcer on his leg which lasted six weeks No specific treatment was 
administered 

Laboiatoiy Data — Repeated Wasse-manns were negatne, spinal fluid, negatne, 
hemoglobin, 68 per cent 

A barium enema show’cd an mnular filling defect in the rectum, within seven centi- 
meters of the anus The defect itself \/as about three centimeters long and the caliber of 
the rectum w'as obliterated to a diameter not much larger than that of a lead pencil 

Complementing the roentgenologist’s report, the findings of digital and proctoscopic 
examinations converged on a diagnosis of carcinoma of the rectum The diagnosis was con- 
firmed by biopsy 

On November 21, 1924, a Kraske resection of the rectum was performed The dis- 
section W’as extended into the peritoneum The peritoneil cavit\ was opened anteriorh, 
and the entire rectum with adjacent nodes was remoced The growth was reported to be 1 
carcinoma Grade II, w'lth involvement of adjacent nodes (Fig i) 

The patient was discharged from the hospital six weeks after operation Because of his 
age, only 26, and the malignant involvement of his nodes, I kept in touch with this case 
for a number of years His functional results w'erc reasonably good He continued in 
business as a successful architect, was married in 1928, and has a daughter now’ nine 
>ears old 

In November last year, he was referred to me again for treatment of what his surgeon 
thought to be a liberal redundancy about the stoma A local examination and biopsy' proved 
this to be a carcinoma of much the same ty pe as previously reported After the necessary’ 
preparations, the patient was operated upon again, December ii, 1939 A combined 
abdominal and posterior resection w’as completed in one stage Some difficulh was encoun- 
tered because of scar tissue from the former operation However, the patient stood the 
operation well 

A troublesome ileus developed during the convalescence, but use of our w’eighted 
Miller-Abbott tube saved him from an enterostomy, and enabled the patient to make a com- 
plete operative reco\ ery' 

This time, the pathologic lepoit showed that both the grow’th and the 
nodes were adenocai cinoina. Grade III 

Certainly, the above case lepoit presents nothing original 01 new’ in symp- 
toms or surgery The symptoms are classic, the tieatment standard Instead 
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of the foimei opeiation cained out foi lesection of the lectum, a combined 
abdommopenneal lesection, foi a good suigical iisk, would be our choice 
to-day The wutei feels, howevei, that an abdommopenneal lesection in 1924 
would haidly have changed the outcome 111 this case Oui leal interest lies 
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in the fact that so young a man lemained active and well foi moie than i 
years aftei the removal of a caicmoma Giade II with lymph node involve- 
ment, but was then found to have an operable recurrence of a similar type 
of adenocarcinoma with the same lymph node involvement Although more 
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than 15 years had elapsed since his primary malignancy, we have classed 
this case as “a lecurrence” At his second opeiation, the patient piesented 
nearly the same type of lesion, the pathologist reported “a striking resem- 
blance in the cell morphology to the previous growth, and that this was prob- 
ably of similai cell origin ” 

Not much parallel is to be read, or information had, on this condition 
References to opeiable “lecuirence” are scant in cancel literature Jerome M 
LynclA 111 an interesting case-report says “I opeiated upon Mis G m 1926, 
performing a combined abdommopeiineal operation with a perineal stoma I 
excised 25 cm of the lower bowel, including the anus The growth (Broders 
Grade II) was found to begin 4 cm above the anal verge, and to extend 
5 cm 

“Theie was also a chronic inflammation of the lymph nodes Two yeais 
later, there was a lecurrence of the disease It consisted of two separate 
growths, both of vhich uere Grade III, more malignant than the primary 
lesion I must sa}^ that it was with some misgivings that I undertook to 
operate a second time Seven 3^ears har’-e elapsed since the second operation, 
and the family tells me she is the most cheerful peison in the neighborhood and 
one of the most active ” 

In Lynch’s case, it should be noted that the l)anph nodes vere inflam- 
matory, not malignant But within two yeais theie was a recurrence of the 
carcinoma It is also notable that this patient had remained well for seven 
years after her second opeiation for cancer 

Richard B Cartel states that in the presence of a recurience, roentgen 
ray and radium therap)^ definitely increase the duration of life and contribute to 
the patient’s comfort He makes no reference to further surgery Fiom 
this and other reports in the literature, the accepted treatment for recurrence 
m carcinoma is not surgical The preponderance of evidence is in favor of 
radium and roentgenotherapy 

We fully realized, at our patient’s first operation, that a 26-yeai-old man, 
with gross symptoms of more than tvo years’ duration, stood a good chance 
foi a cancer recurrence We weie especially concerned after the lymph nodes 
about the lectum were found to be of the same grade malignancy At the 
end of five yeais he repoited for examination A thorough check-up failed 
to show any 11 regularity He was mairied, had one child, was successful in 
business, and enjoying good health Ten years passed, and he reported con- 
tinuing good health When he reported himself well after 15 yeais, we really 
discharged him as a “cancer cure ” 

We learned, during the sixteenth year of his reco^ ery, that he was having 
trouble again, but we supposed, of course, that it would be from an irritated, 
ledundant perineal stoma Howevei, on his arrival for examination, we 
realized at once that he had a local recuirence of carcinoma of the stoma 
Upon further examination we found that, this time, the growth extended 
about 7 cm above the stoma 

After removing tins growrth, we w^ere impressed to learn that the path- 
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ology fiom the bowel and lymph nodes were strikingly similai to that from 
the former operation, except that these \\eie found slightly moie malignant 
than the tissues removed 15 years pieviously 

One year has now elapsed since our second opeiation upon this case 
of recuiient caicmoma of the lectum He has been active again m his 
business , and on examination a few days ago, he seemed to be in good 
health But oui expeiience w'lth this patient somewhat dampens any attempt 
to dedal e a cuie in the case of cancer 
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RESULTS WITH THE FASCIA PLASTIC OPERATION FOR ANAL 

INCONTINENCE 

Hvrvby B Stone, MD, and Samuel McLan-vhan, MD 

B vLTiMonc M D 

About 12 \ears ago one of the piesent ^MItels^ piesented to the South- 
ern Singical Association a method foi lestoiation of contiol of the anal out- 
let, which Mas based upon an oiiginal idea of the Russian oithopedic suigeon, 
R R Wieden - A few yeais latei, he published two other papers,^ 1 elating 
fiiither expel lence, and modihing somewliat the technic of the opeiation 
Since then theie has been no change in the essential technic, but consideiable 
additional expeiience tvith its emplo}ment has accumulated, and, also, time 
has permitted a stud} of the late lesults It seemed to us that a lepoit of such 
a study u-'Otild piovide a basis foi estimating the value of the opeiation 

A bnef lesume of the opeiative steps is peihaps indicated With the 
patient in the lithotomy position, the usual suigical clean-up is earned out 
This rvill be much moie effective, and the opeiative success made more piob- 
able if the patient has been piepaied foi se^elal days pieviously with a low 
residue diet and daily measures to empty and cleanse the colon 

Two small incisions aie placed symnieti ically on eithei side, parallel to 
the line joining the tip of the coccyx to the tubeiosity of the ischium, and about 
2 cm posteiior to the anal maigin These wounds aie deepened bluntly into 
the subcutaneous fat Then, by blunt dissection a cuived Kelly clamp is 
pushed fiom one incision to the othei, in fiont of the rectum, m the sub- 
cutaneous fat, care being taken to avoid injury to the lectum, anal canal, or 
vagina The clamp is then opened and is made to gi asp and lock on the ends 
of twm stiips of fascia at least 12 to 15 cm long and about 0 5 cm wnde This 
fascia may be either autogenous fi om the patient’s thigh, 01 pi epai ed sterile 
ox fascia We think one gives as good lesults as the other m this particular 
opeiation, and, hence, usually employ the moie easily obtainable ox fascia 
The clamp holding the sti ips of fascia is now^ pulled back thi ough the tunnel 
that It has made, wduch thus places twm fascia stiips in fiont of the anal 
canal, m the subcutaneous tissues A Kelly clamp then is pushed, in similai 
fashion, from one incision to the othei m the subcutaneous tissue behind the 
anus, and carnes wuth it the end of one of the fascia stiips fiom the first 
incision to the second This end is diawm out of the second incision, so that 
this strip enteis one incision, enciicles the anus undei the skin and emeiges 
fiom the same incision Befoie the clamp is diawm back, it giasps the end 
of the othei stiip It is then withdiawm, pulling this second stiip wuth it 
Thus, the second stiip also enciicles the anus, but fiom the opposite side and 
Its turn ends emerge fiom the opposite incision The fingei is then inserted 
into one of the incisions and feels outw'aid and backward until the mesial 
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margin of the gluteus maximus is defined An aneurysm needle or clamp 
cai lying a stiong guide thiead is then pushed around a substantial bundle 
of the gluteus muscle This thread is tied to one of the ends of fascia lying 
111 the incision, which is then pulled aiound the bundle of gluteus fibers 



Tig I — Steps in the pHstic operation for ninl incontinence (i) 

Clamps arc pissed subcutaneoiisb in front of the inns RrispiiiK 
the strips of fiscia met iic about to be pulled from one side to the 
other (2) Both strips are pissed subcutaneousl} in front of the 
inus ind one posteriori} (3) The loops of fiscii encircle the 
anus subcutineously in opposite directions (Arch Surg , 24 
123. 1932) 

This end of the stiip is then tied to the othei end of the same fascia strip, 
111 a film square knot, with enough tension to close the anal opening snugly, 
but not with strangulating tightness A similai maneuvei is earned out on 
the othei side Thus, the two fascia stiips form closed rings which encircle the 
anal canal on their innei oi mesial curves, and a bundle of gluteus fibeis on 
then outei cuives, but pull against each othei and fiimly close the anal canal 
These steps aie shown in Figuies i, 2 and 3 

Thirty cases, opeiated upon b)’^ six surgeons, have been leviewed The 
data concerning these cases were derived fiom the recoids of the Johns Hop- 
kins Hospital, the Union Memoiial Hospital, and the Church Home and In- 
firmaiy 

It IS woith while to note that all of these patients suffered from a degree 
of incontinence severe enough to cause them to seek suigical treatment for its 
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Tic 2 — The outer erds of the strips fascia aie passed around the bundles ot the gluteus muscle 

(Arch Surg, 24, 124, J932) 
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'Wm P Pidusch l930 


Fig 3 — The loops of fascia are tied on the right side read} for tjing on the left ( \rch Surg, 24, 

124, 1932) 
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lelief A numbei of them were almost completely incapacitated by reason of 
then inability to conti ol the anal outlet Scvei al had had pi evious unsuccess- 
ful suigical attempts diiectcd at lestonng function 

The patients langcd m age fiom 12 to 72 yeais Twenty-one, 01 70 pci 
cent, weie female, while nine 01 onl}’^ 30 pei cent ^\ele male There ^eie 
no deaths m the group 


Tadle I 

CONDITIONS WHICH DIRCCTLT OR INDIRPCTI \ IIAV I CAUSED AS \I ISCONTIsrSCC 


Condition Number of Coses 

Opention for anal fistula 1 2 

Congenital abnormality S 

Operation for hemorrhoids 4 

Rectal cancer (following excision of) 2 

Perineal laceration 2 

Prolapse of rectum 2 

Megarectum (follow mg excision of) I 

Trauma 1 

Anal ulcer i 

Total 30 


In Table I aie piesented the conditions which dnectly oi indiiectly have 
caused anal incontinence among this gioup As w'ould be expected this com- 
plication has occuiied most fiequently in connection w'lth anal fistula In 
Table II aie listed the lesults of the fascia plastic opeiations Eighty-seven 
pel cent demonstiated some impiovement and m 40 pei cent the lesults ap- 
pioximated normal control 


r\nu 11 


reSULTS IN 30 CASI S Ol TVSCIV PI \STIC OlCR\TION I OR \N \L INCONTINCNCr 


Result 


Number of Cases Per Cent 


Excellent 

Good 

Pair 

Unsatisfactory 


12 

9 

5 

4 


40 o 
30 o 
16 6 
13 3 


Total 


30 


In appiaismg this opeiation, it must he lemembeied that ceitain conditions 
aie necessaiy befoie it can have a leasonable chance of success The gluteal 
muscles must he piopeily mneivated and able to conti act voluntaiily The 
individual must possess the intelligence to use the muscles to contract the anal 
canal, and the patience to piactice this contraction frequently, foi the measuie 
of conti ol given by the opeiation is voluntary and not automatic, as is the 
normal sphincter mechanism As in all plastic opeiations, infection may 
spoil the lesult, and because of the pioximity of the anus, infection not in- 
frequently occurs In six of these cases, fragments of the fascia were dis- 
charged from the wounds, hut in only tw^o of these six was the result unsatis- 
factory Hence, infection and even loss of fascia may occur wuthout necessarily 
jeopardizing the result In geneial, the pioceduie has proved its value In 
spite of some failuies, the majority of cases have been benefited, and 111 certain 
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instances biilliant lesults have been obtained It should be noted, in con- 
clusion, that a failuie does not make the patient any woise, and does not pie- 
vent a lepetition of attempts b} the same oi other methods 
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Discussion — Dr Harry J Warthen, Jr (Richmond, Va ) I would 
like to add anothei successful case to the senes Doctoi Stone just repoited 
Seveial yeais ago I lepoited the case of a child six oi seven yeais of age, hoin 
with an impel foi ate anus An immediate peiineal opening was made hut ap- 
parently no lepaii to the sphinctei had been attempted In addition, the child 
had a megacolon The patient was opeiated upon m stages, the megacolon 
was coirected by a lumhai sympathectomy, and Doctor Stone’s fascia strips 
were employed to repaii the anus I saw the child foi six months following 
opeiation, and each time the paients stated the contiol was improving The 
last time they said he had complete control and no longer soiled himself This 
was in spite of the fact that some infection occuiied, and the child was of 
somewhat inferior mentality I believe this patient was youngei than any m 
Doctoi Stone's gioup 

Dr Derye Hart (Duiham, N C ) I would like to lepoit a case in Yhich 
fascia was employed to replace a congenital defect m the sphincter muscle in 
a SIX- or seven-yeai-old giil The sphinctei muscle did not pass anteiior to 
the lectum but ended on each side of the peimeal body, where a dimple was 
pioduced by the sphinctei muscle when a stimulus was applied to the peiineum 
A small incision was made just posteiioi to the dimple on each side, and 
well away from the anal oi ifice The sphinctei muscle was located and dissected 
free on each side foi a distance of o 5 to i cm without distuibing its point of 
fixation By blunt dissection, a tunnel was made between the lectum and 
vagina, and connecting the two incisions A loop of fascia ivas passed around 
the muscle on each side, pulled snug, and sutuied with silk Caie was taken 
to avoid sufficient tension to inteifeie with the blood supply of the sphinctei 
muscle The incisions were closed, and piimary healing was obtained The 
child, who had had fecal incontinence since biith, had good control from the 
day of opeiation without the necessity of any educational piogiam 

This paper was read before the Fifty-third Annual Session of the Southern Surgical 
Association, Hot Springs, Va , December 10, ii, 12, 1940 
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ARRHENOBLASTOMA OF THE OVARY 

Feed Krock, M D , and S J Wolferman, M D 
Fort Smith, Ark 

It is only within compaiatively recent years that clinicians have begun to 
entertain, seiiously, the thought that certain neoplasms may be able to func- 
tion to a certain extent similar to the tissues from which they arise, although 
examples of such function have been before us foi many years For in- 
stance, Hansemann, in 1900, observed and described the pioduction of 
bile in the brain by a metastatic nodule from a primaiy carcinoma of the 
liver In 1930, Tuiley somewhat clarified the situation by pointing out 
the similaiities between neoplastic and normal cells both from the stand- 
point of histology and physiology Many striking instances can be called 
to mind, such as hypennsuhnism due to adenomata of the islands of Langer- 
hans, and hyperthyroidism with struma ovani 

In 1930, Robeit Meyer leported, under the term “arrhenoblastoma,” a 
senes of ovaiian tumois showing, microscopically, what has been interpreted 
as testicular elements, and many of which possessed the bizarre property of 
masculinizing their hosts As the borders of the field of endocrinology 
advanced, it was soon shown that this striking alteration of secondary 
sexual chaiacteristics uas not limited to ovarian tumors Cushing, for 
instance, has leported a numbei of instances apparently associated with 
basophilic adenomata of the pituitaiy, and Walters found a similar pic- 
ture with certain tumors arising from the cortex of the adrenal glands 
As the numbei of leported cases inci eased 111 which the metamorphosis of 
the individual was associated with ovarian tumors, it became evident that 
even the histologic structure of the tumoi was by no means uniform In 
fact, a paiadox appears in which the most highly differentiated tumors, 
namely, those 111 which the testicular stiucture is unmistakable, show the 
least degree of mascuhnization, while in the undifferentiated tj'pes, in uliich 
connective tissue elements predominate, viiihsm is always marked 

In 1932, we published a case lepoit of an additional instance of an ar- 
rheiioblastoma of the ovaiy, classified by Meyer as belonging to the atypi- 
cal gioup, with marked changes m the secondary sexual characteristics, 
and almost complete reversion to normal following extiipation of the tumor 
The study of the recuirence which occuired in this paiticular case gives 
additional evidence on what may be the exact nature of some of these un- 
usual tumors, and the report of which has been made the basis of this papei 

Case Report — An 18-j'ear-old schoolgirl, with amenorrhea, vinhsm, and hirsutism 
of four j ears’ duration, was operated upon, April 14, 1932, for the removal of a large 
tumor of the left ovarj, having the microscopic characteristics of the atypical group of 
arrhenoblastomata suggested by Meyer There was a marked and prompt restoration 
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to normal femininity, including resumption of a normal menstrual cycle within six 
weeks following operation 

One year later, the patient was apparently in good health and said that she had 
never felt better in her life, although a slight coarsening of the voice and increase m 
beard over the face was noted over what had existed at examination several months 
previously 


Fig I 


Fig 2 


% 

h 










Fig I — High power mcw of block from original tumor Note loose, indeteiniinate structure 
Fig 2 — High power field from original tumor Note tendencj to tubulai formation 
Fig 3 — Low power field from another block in original tumor The pleomorphic character of the 
tumor cells is here evident and in itself suggestive of a teratoma 

Fig 4 — Photograph of resected omentum showing the two tumor nodules of the first recurrence 

On June i, 1933 (13 months later), while dr3nng dishes, she turned suddenly, and 
was stricken with an abdominal pain of such severity that she had to be helped to a 
chair, -where she collapsed On admission to St Edward’s Mere} Hospital she com- 
plained of severe lower abdominal pain, and had vomited several times On examination 
the patient presented an anxious facies, and appeared to be in shock Temperature 96° F , 
pulse 140, weak and variable, blood pressure 90/60 There was marked tenderness in 
both lower quadrants but no rigidity A blood count showed 17,000 leukocjtes, with a 
Schilling left shift of 38 A diagnosis of acute abdominal catastrophe was evident, and 
exploration under ether anesthesia w'as carried out through the old low midline scar 
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Appro\imatel> one liter of free and dotted blood was encountered upon entering the 
peiitoneal cavit\ Two tunioi nodules wcic found attached to the omentum The first 
of these was 50x30x10 Mm , it w is soft, lobulatcd, reddish-orange, and lesembled an 
immatuie chicken egg llic second nodule measured 35x25x15 Mm, and i\as white, 
hardci, and hid been split 111 two the fissuie ciossmg a large omental vein which was 
the souice of the hemoriluge The nodules weie remoeed with a large maigin of the 
omentum Fuithci exploiation showed the left oeaiian legion to be ele ir The right 
ovarj w'as 3x25x25 cm, and contained giaafian follicles and coipoia lutea of \ar\ing 
sizes and stages of development The uterus was of normal viiginal si/e, shape, and 
consistencj No other tumoi nodules could be found 

On secion, the fiist tumor was of a uniform consistency, cutting like a moderateh 
firm lipoma klicroscopie sections of this tumor showed a loose cellular structure, with 
areas of rather typical embiyomc cartilage (Fig 7) A well-defined capsule surrounded 
the periphcrj 

The second nodule was harder, whitish on section, and showed several areas of 
hemorrhage The microscopic structure was that of a spindle-cell sarcoma (Fig 6) and 
closely resembled similar areas in the original tumor The nuclei were large and mitotic 
figures testified to a rather rapidly growing process 

Convalescence was uneventful, and the patient remained m good health until August 
24 1933 (three months later) at which time she entered St Joseph’s Hospital at Boone- 
ville, klo complaining of abdominal pain of six davs' duration and diarrhea The 
following portion of the case report is from the records of Drs Alex and C H Van 
Ravenswaaj, who were kind enough to give us the follow-up 

“Alt this time a hcavv giovvth of hair on face, legs and axillae was noted, with a 
masculine type of ermes (pubic hair distribution) Chest examination, including 
fluoroscopy, was negative Theie w'as a peipectible bulging m the lower quadrant, 
where a hard, slightlj movable mass the size of a head could be easily outlined Tem- 
perature 100° F, pulse 140, respirations 48, blood pressure 132/74 Blood examination 
showed 3,820,000 ervthrocjtes , 60 per cent hemoglobin, 17,600 leukocytes, and a differ- 
ential of 90 per cent pol> morphonuclear neutiophils, 6 per cent stab cells, 2 per cent 
mjelocytes, and 2 per cent small Ijmphocjtes The Kahn test was negative and blood 
Group II Urinalysis showed one plus albumen and three plus hj aline casts On August 
26, 1933 exploratory celiotomy disclosed a laige, soft multilocular tumor, built up 
of mucofibrinous tissue, very friable, and adherent to the adbommal wall It bled on the 
slightest manipulation It had apparently arisen from the right ovary Seven thousand 
cubic centimeters of bloody fluid were aspirated from the peritoneal cavity Because of the 
danger of uncontrollable hemorrhage, and inability to completely extirpate the tumor, the 
abdomen was closed Several fragments of tumor were removed for microscopic studj 
Blood transfusion was given postoperatively Deep roentgenotherapy to the abdomen was 
started The abdominal fluid recurred, and on September 5, 1933, 2,000 cc were 
aspirated The patient giadually grew weaker and expired, September 16, 1933 Per- 
mission for necropsy was not obtained ” 

The slides of tissue from this recurrence were kindly loaned to us bv the Doctois 
Van Ravensvvaay for study Part of the section consists of closely packed round nuclei 
with practically no intercellular substance, and resembling, grossly, a smear from tissue 
rather than cut sections (Fig 8) The nuclei, for the most part, are round and hyper- 
chromatic, and variable as to size The majority are macrocj'tic In a few areas, the 
nuclei are arranged in the form of rudimentary tubules (Fig 9), resembling the Struc- 
ture seen m the original tumor Differentiation, on the whole, is very poor The tissue 
is abundantly supplied with poorlj constructed capillaries distended with ery'throcytes 
No whorls or spindle cells are noted in these areas 

Adjacent areas show a mucoid type of connective tissue, reminiscent of Wharton’s 
jelly in the umbilical cord Definite wavy fibrils are interspersed between the spare 
nuclei Both spindle-shaped and large, round nuclei are evident, with the latter pre- 
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dominating Mitotic figures and atypical cell divisions are abundant The cells them- 
selves are circular with interlacing fibrils 

Piobably no chaptei in oncology offeis moie exciting possibilities foi 
speculation than does this inteiestmg gioiip of masculinizing ovaiian tumois 
In the fiist place no piesent-day classification of ovaiian tumois is entach 
satisfactoiy fioin the standpoint ot nioiphogenesis Explanation of the 
origin of compaiatively simple foims, such as pseudomucinous cystadenomata 
and papillaiy types, leaves much to be desiied It is little wondei, then, 
that in dealing with complex neoplasms, such as the vaiious forms of the 
so-called arrhenoblastomata, we fully unleash our imaginations m the at- 
tempt to correlate physiologic manifestations with moiphology as a key 
to the solution A number of theories have been advanced, the most promi- 
nent of which are 

(1) Hennapluoditic Basis — Pick first suggested that these tumorb 
might be associated with hermaphroditism or pseudohei maphroditism As 
the number of reported cases increased, it soon became apparent that this 
view was not tenable, because, as a rule, the individual has developed ana- 
tomically and physiologically along perfectly normal female lines until the 
tumor began to manifest its presence by a transformation of secondary sexual 
characteristics In other words bisexuality was not present from birth, as 
must obtain with true hermaphroditism 

(2) Gonadal Protective Effect — Halban has insisted that the zygote is 
primarily male, female, or hermaphroditic from the moment of fertilization, 
and that the gonads exert only a protective effect and not a formative in- 
fluence upon the development of secondary sexual characteristics In other 
words, all the primary and secondary sexual characteristics of the indi- 
vidual are established from the beginning For the full development of 
the secondary sexual characteristics, a protective effect from the gonads 
themselves is necessary The tendency of certain tumors to change the 
secondary sexual characteristics can then be explained by assuming that 
the tumor is able to exert an liyperprotective effect upon latent male ele- 
ments present When the tumor is extirpated, reversion occurs because 
of the withdrawal of the male protective influence, and fuither suppression 
by resumption of normal ovarian function 

(3) Origin of the Tumor pom Latent Male Elements — Robert Meyer, 
under the term "arrhenoblastoma,” groups together a rather heterogeneous 
collection of ovarian tumors varying from apparently typical testicular adeno- 
mata, without endocrine effects, to spmdie-cell sarcomata, with an occasional 
rudimentary tubule and associated with extreme masculimzation He sug- 
gests the explanation that the cell mass destined to become the sex gland is 
at first indistinguishable as male or female, and that, eventually, cords of 
cells appear beneath the germinal epithelium, and extend down toward what 
later becomes the hilum In the male, these structures become permanent as 
seminiferous tubules, while m the female, atrophy takes place and they remain 
as abortive seminiferous tubules or medullary cords The true ovarian struc- 
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ture IS then built up around them and, as Novak expi esses it, “they become 
fossilized m the rete ovarii ” Meyei feels that these cell remnants retain 
then male potentialities, and may give use to tumois with masculinizing 
tendencies The stumbling block here is that no one has an adequate ex- 



Fig 5 — Dn^Miig of tiiinoi nodule of first recurrence uith tenr into omentil \em md 

snb’-eciuent htmoi rli ige 


planation of just what factoi enteis into the pictuie to cause these presumably 
normal cells to spi ing into such vigorous activity as to overcome all previously 
fully developed ovarian tissue 

(4) Tci afoiiiatous Ongin — Popoff, in 1930, m reporting a case of testicu- 
lar adenoma of the ovai y suggests that these tumoi s may represent one-sided 
teiatomata, citing Ewing’s similai conclusion as to the origin of embr3'onal 
carcinomata of the testicle, and L’Espei ance’s concerning embi3'^onal car- 
cinomata of the ovar3’- Buttnei, m a leport of 25 cases collected 111 1932, 
raises the question whether an ai 1 henoblastoma may not be, after all, only 
a teratoma of the ovary in which the other tissue elements, usuall3'^ found in 
teiatomata, are lacking due to their destiuction 113’^ sarcomatous degeneration 
Pick has definitel3’^ stated that a single element in a teratoma may predominate 
and obscure, 01 even suppress, all othei tissue elements Attention was called 
by us, in 1933, to the possible teiatomatous origin of these tumois, after 
finding of caitilage m the first lecurrence 111 0111 case McLester and Led- 
better, in 1936, reported further definite confirmatoi 3^ evidence of this view, 
m their case 
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Table I 

TABULATION Or REPORTED CASES 


Modified from Baldmn-Gofford 


Author 

Age 

Involved Side 

Pathologic Anatomy 

I Pick 

34 

Right 

Typical testicular adenoma right ovary 

2 Schickele 

26 

Left 

Tjpical tubular adenoma 

3 Neumann 

32 


Typical tubular adenoma Interstitial cells 

4 Berner 

22 


Typical tubular adenoma 

S Blair Bell 

19 

Right 

Part tubular, part solid Interstitial cells 

6 Meyer 

46 

Left 

Carcinomatous tubular adenoma 

7 Meyer 

47 

Right 

Carcinomatous tubular adenoma 

8 Neumann 

56 

Both 

Carcinomatous tubular adenoma 

9 Meyer (Pnebatsch) 

44 


Carcinomatous tubular adenoma 

10 Meyer (Phelan) 

20 

Left 

Typical testicular adenoma 

II Miller 

30 

Left 

Typical testicular adenoma No masculinizing 

12 Popoff 

31 

Right 

Tubular adenoma s\ith solid portions 

13 Meyer (Cupei) 

16 

Left 

Parttypica', part atypical, and part solid carcino- 

14 Meyer (Univ CUn ) 

23 

Right 

matous 

Major portion atypical 

15 Meyer (Bauer) 

66 

Left 

Part tubules 

16 Meyer (Mackenrodt) 

35 

Right 

Cords and portions similar to granulosa cells 

17 Meyer 

31 


Solid epithelial cords Narrow openings 

18 Meyer 

36 


Tubules Dense epithelial infiltration 

19 Spielman 

26 

Right 

Tubules and cords 

20 Novak-Long 

20 

Left 

Definite tubules Also typical sarcoma 

21 Szathmary 

25 

Right 

Marked polymorphism Large solid areas and areas 

22 Moots 


Left 

of epithelial tubules 

Tubules Fibroblastic sarcoma 

23 Meyer (Orru) 

40 

Left 

Pseudomucinous tumor 

24 Meyer (Knebel) 

28 

Left 

Mucous membrane in tumor 

25 Meyer (Specht) 

26 

Left 

Granulosa cells in tumor 

26 Halban 

31 


Small-celled carcinoma, solid with tubular shapes 

27 Wagner 

25 

Left 

Epithelial solid tumor Tubules 

28 Kleinhans 

31 

Left 

Rests of epithelial new growths Regressive changes 

29 Krause 

41 

Recurrence R 

Epithelial cord-like arrangement 

30 Geisler 


Right 

Cord-like carcinomatous tumor Mucous epithelial 

31 Strassmann 

24 

Right 

rests 

Atypical adenoma, part carcinoma, part sarcoma. 

32 Sedlis 

16 

Left 

mucous cysts 

Epithelial stnngs, partial tubular, cystic degenera- 

33 Taylor-Wolferman- 

18 

Left 

tion 

Irregular medullary cords Rudimentary tubules 

Krock 


Recurrence R 

Cartilage in recurrence 

34 Eerland 

35 

Right 

Solid periphery with cystic areas within, tubules 

35 Baldwin-Gafford 

24 

Left 

and cords 

Most of tissue sarcoma, primitive tubules and cords 

36 Sellheim 

47 


Bone formation 

Solid epithelial tumor 

37 Single Scbultze 

47 


Stnngs and fields of epithelial cells 

38 Mathias-Tschirdewann 

19 


Solid tumor Tissue resembling thyroid 

(Sedlaczak) 

39 Buettner 

66 

Left 

Solid epithelial tumor Strand-like mUous and 

40 McLester 

32 

Right 

tubular portions 

Cyst containing mucous producing cells, fat, cyst 

41 Benecke 

28 

Left 

with ciliated columnar epithelium, gland-like 
epithelial cells 

Tubules, mucous cysts, sarcomatous portion 

42 Benecke 

26 

Left 

Cavernous network of cells 

43 Norns 

34 

Right 

Cords of epithelial cells 

44 Hitzamdes 

19 

Right 

Sarcoma Cubical carcinomatous cells 

45 Foderl 

17 

Left 

Tumor suggesting fibroma Pro\ ed to be epithelial 

46 Depuy 

6 t 


At> pical arrhenoblastoma 

47 Anderson 


Right 

Aheoh, tubules hypemephroma-hke cells Inter- 

48 Haffner 

32 

Right 

stitial cells 

Cystic Pseudomucinous substance Intc'stitial 


cells 1 8 mouse umts of folliculin in 24 hr unne 
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Author 

Ape 

Involved Side 

Pathologic Anatomy 

49 

Glabcr Erhard H lempel 

27 

Left 

Spindle cells Mucous elements (fibrom i with 
mucoid degeneration) Calcium deposits 

50 

Kleistman 

30 

Left 

Large cells with nuclei Protoplasm contains drops 
of fat 

51 

Pires 

22 

Left 

Papilliferous cystadenoma with sarcomatous degen 
cration Tubules, cords Lutein like cells Supra 
renal cortea 

52 

Xavier Junqueira 

31 

Ripht 

Tubules, cords Granulosa cells Histologic picture 
pleomorphic 

S3 

Kleme H 0 

54 

Ripht 

Tubules, spindle form cells Interstitial cells 

54 

Kleine H 0 (P W'olIT) 

49 

Ripht 

Tubules Interstitial cells 

55 

Kleme H 0 

55 

Both 

(Teratoma in left ov ary) skm hair fat bones Right 
showed tubules interstitial cells sarcoma 

56 

Kleine H 0 (Bachel) 

52 

Ripht 

Tubules solid cords interstitial cells 

57 

Schiller 

17 

Left 

Interstitial cells epithelial cords 

S8 

Dockerty MacCart> 

25 

Left 

Alveolar cells interstitial cells 

59 

Dockcrtj -MncCartj 

31 

Left 

Testicular tubular adenoma Absenec of interstitial 
cells Marked tinlism 

60 

Dockerty MacCartj 

IS 

Ripht 

Cords, tubules interstitial cells 

61 

Dockerty MneCarty 

51 

Rifiht 

Tubules, cords, no interstitial cells No clinical 
vinlism Recrudescence of bleeding 

62 

Neumann 


left 

Tubular testieular adenoma 

63 

Cabot case No 25351 

29 

Ripht 

W ell formed tubules Adenoma tubulare testicularc 
Interstitial cells 

64 

Boltuch 

28 

Left 

Conncctiee tissue tumor Cysts with cuboidal 
epithelial lining Interstitial cells No tubules 
Epithelioid cells 

6s 

Luzuy 

i 6 

Ripht 

Eibromyoma cuboidal epithelial cells No tubules 
Interstitial cells 

66 

Aburel Mart i 

Dobrovici 

22 


No true tumor Two nodules, glandular tubules 
Interstitial cells No \inhsm 

67 

Sarkar Tribedi 

IS 

Left 

Tubules sarcoma Different sections showed dif- 
ferent types of cellular pattern 

68 

tVijscnbeek Plate 

28 

Left 

Multicameral cyst Tubules Pat containing cells 
resembling interstitial cells 

69 

Hardjosoekatmo 

23 

Left 

Ripht recurrence 
Death from 

recurrence 

Mucous cysts Epithelioid cells Tubules 

70 

Xa\ ler-Junqueira 

43 

Right 

Sarcomatous degeneration Epithelial cysts Deep 
yellow pigment Tubules Interstitial like cells 


With this theoiy in mind we have studied all the available leports on 
cases listed as ai i henoblastomata in the hteratuie, and have been able to 
collect 70 cases (Table I) A study of this material would seem to point 
towaid seveial significant facts In the first place, the conclusions of investi- 
gatois on sex leveisal, that the light ovaiy exhibits testiculai ti ansformation 
more often than the left m animals, is not home out m the human, since the 
tumoi was found on the left side m 31 cases as against 26 cases on the right 
The affected side is not mentioned m ii cases and in two it was stated as 
occuiiing on both sides It is also to be noted that the histologic pictures, 
as lepoited, lack the necessai}^ degiee of umfoimity to be convincing that 
this unusual tumoi is a distinct pathologic entity And, lastly, we have been 
able to find 24 instances in this gioup of cases in which suggestions of tn- 
deimal tissue elements weie found on loutine examination (Table II) 

Since Ewing has reported finding onl}’^ a single island of caitilage and a 
single epideimoid nest in a laige embiyoneal caicinoma of the testis or 
teratoma in seiial section, it would seem only reasonable that this method of 
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study applied to these tumois -would yield an even greatei percentage of tii- 
deimal tissue elements than was found in loutine sections In oui own case, 
a section fiom each of 50 blocks fioin difteient poitions of the tumor was 
studied, but this is still an infinitesimally small numbei m a tumoi weighing 
990 Gm 


Fio 6 


1 1C 



~ r -Yv. 'V ^ I ■ \ . 



Fig 8 


Fig 9 


Fig 6 — Low power field from one of the nodules renio\ed during the first recurrence The same spindle 
cell sarcomatous structure appears here as was found in the original tumor 
Fig 7 — High power field from the second nodule remoced during the first recurrence Tjpical 

cartilaginous islands are apparent 

Fig 8 — Low power field from second recurrence Note anaplastic type of growth 
Fig 9 — High power field from second recurrence Note tubule formation, ancl similarit> of structure 

of original tumor as shown in Figure 2 


In a number of the leported cases, the piesence of interstitial cells is noted, 
the identification of these cells being based upon morphology as well as their 
affinity foi fat stains such as Sudan III Popoff in his case of testicular 
tubular adenoma of the ovary showed, defimtelv, that these large clear, fat 
laden cells were epithelial cells wdiich had undergone lipoid degeneration, 
rather than being true interstitial cells wdiich are consideied to arise fiom 
mesodermic elements 

Alteration of secondary characteristics in the female is not limited to one 
particular group of ovaiian tumors We find, m the literature, many reports 
of masculinizing ovaiian tumors in wdiich histologic examination has failed to 
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disclose the piesence of testicular elements, even by men familiar with Meyer’s 
work Studdifoid, for instance, repoits a case of granulosa cell carcinoma 
which produced clinical mascuhmzation, and cites Bergstrand, of Sweden, as 

Table II 

TRIDERMAL TISSUE ELEMENTS EOUSD IN 70 CASES 


Tissue Elements No of Cases 

Mucous membrane 9 

Granulosa cells 3 

Cartilage i 

Bone I 

Thyroid i 

Ciliated epithelium i 

Pseudomucinous tissue 2 

Lutein cells i 

True teratoma t 

Sarcoma 2 

Suprarenal cortex i 

Fat I 


Total 24 or 34 % 


having seen several similar cases, and who subsequently studied some of 
Me3'er’s material and leclassified it as gianulosa cell carcinoma Maxv ell’s 
case pioved to be alien ant cortical tissue in the ovarj’^ A case reported in 
the Massachusetts General Hospital climcopathologic conferences with a typi- 
cal picture of acquired virilism, wuth regiession to normal after opeiation, 
was found by IMalloiy to be an embryonal carcinoma of the ovary Lutein 
cell tumors, dei molds and true teiatomata, wuth clinical virilism, have been 
repoited by Schiller, Cosasesco and others Goldberg recoids a case of true 
sarcoma of the ovary wuth mascuhmzation 

In other w^ords, w'^e have, on the one hand, the so-called “arrhenoblastoma” 
w'lth a vaiiable picture of masculmization clinically but with wdiat apparently 
are testicular elements histologically, and, on the other hand, a number of 
different types of ovarian neoplasms in wdiich the predominant tissue is other 
than testicular, but with clinical vii ihsm The one thing common to tw'o such 
widety divergent pictures is the presence of tiidermal tissue elements, wdiich 
can be demonstrated by routine studies in approximately one-third of the 
cases To create a new pathologic entity, based upon the predominant tissue 
present, as has been done w ith arrhenoblastomata, would lead to hopeless con- 
fusion In the final analysis, our present knowdedge is still deficient concern- 
ing the exact oi igin of all the factors controlling the development of secondary 
sexual characteristics Upon this basis, it is our plea that all masculinizing 
ovarian tumors be classified as teratomata wuth a one-sided development, be 
such development testicular elements (either in the form of interstitial cells 
or seminiferous tubules), adrenal cortical remnants, or even other tissues or 
their anlagen whose roles at present under normal conditions, in the develop- 
ment of the secondary sexual characteristics of the individual, are not fully 
understood Or we may retain the term “arrhenoblastoma” to indicate such 
a climcopathologic” condition as suggested by Norris, rather than regard it 
as representing one constant pathologic entity to be pigeon-holed thus by any 
pathologist inspecting the tissue microscopically 
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CONCLUSIONS 

(1) The final follow-up on a pieviously repoited case of ai i henoblastoma 
of the ovaiy is presented 

(2) Evidence is brought foith to support the conclusion that, from a 
purely pathologic standpoint, ai rhenoblastomata may lepiesent one-sided tera- 
tomata 

Tlie authors wish to express their appreciation to Dr J L Goforth for the excellent 
photomicrographs presented, and to the Doctors Van Ravenswaay for allowing us to 
report the final follow-up from their case records, and for the loan of slides showing 
the terminal stages of the tumor 
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Discussion — Dr Emil Novak (Baltmioie Md ) The fiist case of 
an henoblastoma repoUed in this coiintn^ undei that designation was the one 
vhose later histoiy has just been desciibed by Doctoi Krock Similar tumors 
had been pievionsly desciibed but under nicoriect diagnoses, as the pathologic 
entity now designated as ai i henoblastoma was then not known We now 
have in oni laboiatoiy specimens oi slides of ii of these rare tumois, though 
most of these haie been sent m foi diagnosis from outside sources 

Doctoi Kiock has laid especial stiess upon the finding of teiatomatous 
elements in a numbei of the lepoited cases and suggests, as otheis have done, 
that an henoblastoma is to be looked upon as of teiatomatous ongm I do 
not think that tlie evidence can be considered convincing Dj-sgerminoma, in 
111} expel lence, is moie apt to be associated with teiatomatous elements than 
IS an henoblastoma, but this does not justif}^ the conclusion that it is in itself 
a t}pe of teiatoma 

No one, of coinse can speak with assuiance as to the etiology of an heno- 
blastoma and I, foi one, do not feel convinced ot the entne adequacy of the 
geneially accepted theoi}'^ of Robeit Meyei, who has done so much to claiify 
this subject for us We know too little as 3^et, of the factois concerned in 
sex difitei entiation It has alwaj'^s seemed significant to me that the aniage 
of the adrenal cortex m the early embiyonic phase is directly continuous with, 
and indistinguishable from, that of the ovarian medulla This may explain 
why ceitain tumois of the adienal cortex and such ovarian medullaiy tumors 
as an henoblastoma pioduce identical clinical pictures, especially as legards 
masculmization phenomena 

There is no stereotyped histologic pictuie in an henoblastoma and the 
term really refeis to an histologic family lather than to any one histologic 
Upe To mteipret and diagnose these tumois one must have some idea of 
the early embiyology of the ovaiy 

From a clinical standpoint, the eaily symptoms of an henoblastoma, such 
as amenorrhea and flattening of the breasts aie not to be looked upon as 
masculinizing, but lathei as meielv defemmizmg, that is, subti acting some- 
thing fiom the feminine characteii sties of the patient Later come the more 
positive evidences of masculmization, such as hirsutism, deepening of the 
voice, and hypei trophy of the clitoris Hirsutism, in itself, is ceitamly not 
always a sign of masculmization, foi it is often found in women who other- 
wise are tjpically feminine, and who menstiuate noimally and beai numerous 
children It ma}' hovevei, foim a part of the masculmization syndrome, 
when combined vith other such s3miptoms as I have mentioned 

I make this distinction because the mistake is often made of suspecting 
arrhenoblastoma when an ovaiian tumoi is found in a Moman who also 
exhibits the joicture of the so-called vn ilism The latter, howevei , will usuall3'^ 
be found to have been piesent since pubeit3'' and it will not disappear aftei 
removal of the tumor, -which will be found not to be an an henoblastoma 
When, on the other hand, a pieviousE'^ noimal woman develops masculiniza- 
tion phenomena, and an ovaiian tumor can be palpated the suspicion of ai- 
rhenoblastoma is fnlE justified, though, even then, mistakes will occui An 
exactl}'- similai jnctuie can be pioduced 143^ ceitam laie adienal tumois of 
the ovary, while in some cases a tuinoi of the adrenal cortex, combined coin- 
cidentall3'^ with a simj^le cj^stadenoma of the ovar3", ma3'^ simulate, perfectEq 
the characteristic s3mdrome of ai rhenoblastoma 

This paper was read before the Fifty-third Annual Session of the Southern Surgical 
Association, Hot Springs, Va December 10, ii, 12, 1940 
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CARCINOMA OF THE FUNDUS OF THE UTERUS 

G V Brindley, M D 
TempI/E, Tev 

FROM Tlir DEPARTMINT OF SUROLUl, SCOTT ANO ^VIIITL UOSPITVr, TLXIPLI TEX 

Tiitre are vaiied opinions concerning the best treatment for the patient 
with caicmoma of the bocl)^ of the uterus Masson and Gregg^^ feel that the 
standaid tieatment of carcinoma of the body of the uteius is a total hystei- 
ectomy with bilateial salpingo-oophorectomy Richardson^^ stated, m 1935, 
that the complete suigical extirpation of the uteius together with both tubes 
and ovaries still lemained the best theiapeulic attack on cancer of the corjius 
uteii Sackett,^^ m 1937, pieferied combined theiapy whenevei it was pos- 
sible In 1937, Schefifey and Thudium^® advocated prehminaiy irradiation 
with a panhystei ectomy m selected cases Martin^® takes the position, that 
if a curettage aftei 11 radiation showed malignant tissue, then an operation was 
advised foi ceitain gioups Kilgoie® stated that, in 1936, the California Cancel 
Commission lecommended an hystei ectomy Avith pieopeiative irradiation m 
cancel limited to the uteius, and irradiation therapy in cancel extending be- 
yond the walls of the uteius Because of these vaiied opinions, the writer 
has made a study of a gioup of oui own cases, with particular endeavor to 
evaluate the end-iesults of treatment 

Theie weie no case lecoids of patients with this pathologic entity, who 
had been seen in the Scott and White Clinic duiing the 20-year period, from 
1921 thiough 1940 Eighteen patients of this numbei weie excluded from 
this study Six of the 18 had been ticated elsewhere, and came to the clinic 
for obseivation only Foui otheis declined treatment, and eight were found 
to have diffuse metastasis and were regarded as hopeless, so no treatment was 
advised The remaining 92 patients, of the no, entered the hospital foi treat- 
ment, and they foim the basis foi this detailed leview The diagnosis of 
caicmoma of the uterine fundus was pioved histologically in every case 
Follow-up data to date have been obtained on all patients All patients with 
both cancel of the uteius and of the ovaiy weie omitted from this study except 
two 111 these, theie was little question but that the cancel was primarily of 
the uteius Cancels of the fundus and cervix were excluded also, unless the 
lesion was rathei definitely piimai)'' in the coipus 

The incidence of caicmoma of the fundus is decidedly less than is that of 
the ceivix Sackett^’’’ reported the latio of body carcinoma to that of the 
cei vix, as one to fir^e , Ci ile and Ehas,^ one to three , Schefifey and Thudium,^® 
one to nine and five-tenths The incidence m our clinic has been approxi- 
mately one to six During this same period of time, 17 patients have been 
seen with sarcoma of the uterus In our clinic, there have been seen six 
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cancels of the ceivix to one of the fundus, and six caicinomata of the fundus 
to one saicoma 

The etiology of fundal cancel lemains obscuie Tayloi,-^ aftei an exten- 
sive study of the pioblem, wiote that the lelationship of hypeiplasia to caici- 
noina of the endoineti aim has an etiologic and clinical aspect He leported 

Table I 

THE AGE INCIDENCE 


Age 

No of Age 

No of 


patients 

patients 

30 to 40 

3 60 to 70 

19 

40 to 50 

16 70 to 80 

5 

50 to 60 

49 


The average age was 55 



19 or 20 6 / were under 50 
73 or 79 4 ^ were over 50 

the association of endometiial h3'peiplasia and carcinoma in the same uterus 
McMuiiey^ concludes that a functional abnormality is piesent in the lepio- 
ductive oigans of women with this condition Counsellei® suggested that this 
type of cancel is in one mannei i elated to the ovaiian hormones HerielH 
wrote “It seems leasonable to conclude that the unopposed action of estrm 
with its resulting effect on the endometrium is the basic pimciple at woik in 
the development of malignancy of the endometiium of those individuals who 
possess the genetic facloi necessaiy for the development of cancel ” 

It IS the consensus of opinion that paiity is not an etiologic factoi In this 
case review, it was found that 87 ueie maiiied and five weie single Seventy- 
three pel cent of the married women were mothers Fibroid tumors are 
considei ed to have but little if any etiologic significance in this disease , how- 
ever, the development of cancer fiom endometiial polyps does occui Thiiteen 
patients of this sei les wei e found to have utei me polyps 

Crossen and Hobbs'* found that cancel of the uterine fundus tended to 
occur, definitely, more often m the woman who had a late menopause There- 
foie, the patient with a histoiy of a late menopause should cause us to suspect 
some type of endometrial lesion In our study, it was found that 65 patients, 
01 70 6 per cent, developed symptoms aftei the menopause and 27, before the 
menopause The aveiage time of the menopause, m those patients who had 
cancer beginning aftei the chmacteiic, was 49 yeais 

Patients with cancel of the uteiine body aie definitely older on the aveiage 
than are those who have a malignancy of the ceivix A majority of statistics 
shows that the average age incidence is in the late fifties Healy and Browm^* 
gave the average age incidence as 55 Counseller wnote that 90 pei cent of 
these patients were over 45 Our statistics showed that 19 patients weie 
under 50, and 73 were ovei 50 years of age The average age w'as 55 years, 
79 3 per cent being past 50 (Table I) 

The cardinal signs and symptoms are a metroi rhagia, a menoirhagia, a 
vaginal discharge, and pain We would stress the significance of abnormal 
vaginal bleeding, which is the predominant sign of this condition According 
to Norris and Dunne, it is the first sign in 80 5 per cent of the cases PratP^ 
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found, in a study of 71 cases, that there was micioscopic to gioss bleeding in 
all ot the 71 cases We found that 24 of the 27 patients, who developed 
cancel befoie the menopause, gave histones of piolonged 01 niegulai bleeding 
Sixty-two of the 65 patients, who had symptoms aflei the menopause, gave 
bleeding 01 a blood-tinged disehaige as then most signifieant symptom 
Abnormal vaginal bleeding vas the symptom of fiist impoitance manifested 
by 93 5 pei cent of the entne gioup The fact should be emphasised that the 
postmenopausal bleeding is usually small m amount, and sometimes it is just 
a spotting It may occur at intervals of a few 01 several weeks, or even several 
months Profuse bleeding, which happens with so many benign conditions of 
the uterus, is seldom seen in caicinoma of the fundus, except occasionally m 
advanced cases Because of the small amount of bleeding at infrequent intei- 
vals, seen in many cases, it is difficult for the patient to appreciate its signifi- 
cance Patients quite frequently legard the change m amount and character 
of flow as a natural accompaniment of the menopause and, theiefore, defer 
consulting a physician It is hard to evaluate the significance of a vaginal 
dischaige for there are so many pathologic conditions which pioduce dis- 
charges However, a number of patients with uterine malignancies do give 
histones of a brownish, wateiy discharge, sometimes irritating in natuie 

Pam IS a symptom in approximately one-third of the patients uith carci- 
noma of the fundus of the uteius Healy and Brown reported its occurrence 
m 32 per cent of the patients Thii ty-one, or 33 7 per cent, of the 92 patients 
of this gioup studied, made a complaint of some degiee of pain It was usually 
in the nature of an aching, a discomfort, a heaviness, or sometimes a cramping 
menstrual type of pain The pain was seldom of an intense degi ee It should 
be remembered that eaily cancel anywheie does not cause actual pain It can 
be readily appreciated, however, that late cancer, with metastasis, does pro- 
duce definite pain and, as stiessed by Healy and Brown, when the patient 
complains of rather peisistent actual pain, metastasis or extension of the 
carcinoma, frequently, has occurred Our study would tend to substantiate 
their obseivation that a definitely smaller percentage of patients are cured 
who complain of pain 

It IS piactically impossible to accuiately asceitain the duration of symptoms 
m some cases In some instances the fiist symptoms of disease were due 
probably to benign lesions, which later undeiwent malignant change We cal- 
culated the average duration of symptoms in this group to be ten months 
before the patient came to treatment 

A careful physical examination is important as an aid in arriving at a 
coriect diagnosis and often, also, in deciding the preferable plan of treatment 
The size, the shape, the irregularities, and the mobility of the uterus, particu- 
larly, should be observed It should be determined if there is either a thicken- 
ing or masses m the broad ligament regions or in the culdesac, for masses may 
be due either to metastasis from the uterine cancer or to a benign tubo-ovarian 
pathologic condition The cervix should be carefully examined, for malignant 
tissue 01 a polyp may be observed protruding from the external os Blood 
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may be seen coming fiom the ceivical canal, establishing definitely the souice 
of the bleeding, and occasionally a metastatic malignancy will be seen on the 
vaginal mucosa The incomplete physical findings, noted m some of oui own 
records, emphasize the impoitance of an accuiate physical examination The 
physical findings, however, are essentially negative, foi m about one-thud of 
the patients with this pathologic entity, and in this gioup reviewed, the size 
of the uteius of 31 patients was considered 1101 mal The uterus was mod- 
erately enlaiged and less than the depth of six inches foi 51 patients, while 
it was found to be mai kedly enlarged foi ten patients 

Theie is only one accuiate diagnostic proceduie It is a caiefully per- 
foimed curettement, with examination of the curettmgs by a competent pathol- 
ogist Sometimes, upon gently dilating the cervix, malignant tissue will 
begin to dischaige fioni the uteime canal Frequently, this will be sufficient 
tissue fiom which to make an histologic diagnosis However, usually, a 
methodical curettement, with caieful examination of all cuiettings should be 
done Cautious sounding of the uteius should be made to ascertain its shape 
and depth All manipulation within the uterus should be of a gentle nature 
111 an attempt to prevent the dissemination of carcinoma cells through the 
lymph or venous channels or through the tubes Iiiegulaiity of the contour 
is sometimes due to fibioid tumors, foi these aie lepoited piesent m 25 per 
cent, or more, of such cases Stacy-® 1 eported fibroid tumoi s pi esent m 37 23 
per cent of these cases Twenty-thiee of oui 92 patients, or 25 per cent of 
this group, had fibioid tumors Moirin and Max^- found that 35 2 per cent 
had fibromyomata, but only 5 6 per cent of the fibromyomata had associated 
cancer While the association of fibioid tumors is not regarded as a material 
etiologic factor, they do, sometimes, mask the symptoms of the cancel To 
conclude that all postmenopausal bleeding is due to cancer, is eiioneous 
Wittenbourg and Zlatmann-- collected from the hteiature 2,384 repoits of 
postmenopausal bleeding They found that the incidence of malignancy was 
628 per cent Unquestionably, ladical suigeiy should not be performed with 
only a histoiy of abnormal uterine bleeding It is essential that a positive 
diagnosis be made first Howevei , caution must be exercised to the end that 
the bleeding due to cancel not be attiibuted to benign tumors We would 
emphasize the impoitance of a thoiough study of all curettmgs of patients 
with uterine fibiomyomata, and furtheimore, the necessity of an immediate 
opening and examination by the pathologist of all uteri lemoved for supposed 
benign disease Nine patients of this gioup were operated upon with a pre- 
opeiative diagnosis of benign conditions, and -when the uteii weie opened after 
lemoval, theie weie found caicmomata within the fundi 

The anatomy of the uteius and the pathology of fundal cancel modify 
tieatment The cancels of the body of the uteius aie usually adenocaicinoma 
The disease is one piimarily of the endometiium, theiefoie, at the beginning 
it IS encased in the thick, muscle-walled cavity Theie aie no lacemose glands 
extending from the endometiium into the myometrium, as aie found m the 
cervix The lymph supply to the fundus is spaimg m natuie, and the 
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lymphatic dissemination is late, fot it is unlikely to occur until after the 
muscle wall has been deepl}'^ penetiated by the malignant process Usually, 
the spiead of the disease into and thiough the muscle wall is slow% requiring 
many months, and in some instances, years An eaily case of our gioup 
emphasizes this fact This patient had a papillaty adenocaicinoma, Grade II, 
of the fundus, which w'as tieated by mtia-uterme application of radium Nine 
yeais later she letuined wnth the histoiy of a spotting and pinkish dischaige 

T\riE III 

GRADE OF MALIGNANCY IN RELATION TO AGE 
AND MENOPAUSE 

Grade Average Pre Post 

age menopause menopause 

I 48 6 6 

II 53 13 32 

III 58 3 24 

IV 59 0 3 

The low grade malignancies tend to occur in the 
younger group 

foi a duiation of foui months On lepeating the cuiettage the scrapings 
shouted the same pathologic finding as they did nine } eai s pi eviously Radium 
W'as again applied follow'ed by i oentgenothei apy This patient is now' ap- 
paiently w'ell, and it is two 3'eais since the last tieatment Such obsenations 
tend to suppoit the view' that a cancel of the uteiine fundus often lemains a 
local disease foi many months oi even a few' yeais It is a foitunate fact, 
favoiably influencing tieatment, that a majoiity of these lesions aie of low' 
giade 111 degiee of cell activity In this senes, 58 cases, 01 65 9 per cent, w'eie 
found to be eithei Giade I 01 Giade II, 01, appi oxnnately, two out of tliiee 
of these patients had a mahgiianc}' of low' degiee (Tables II, III and IV) 

Till ee methods of management used 111 ti eating body cancel are in adiation 
therapy, suigical extiipation , and a combination of the tw'O Three factois 
aie to be caiefull) consideicd 111 planning tieatment foi an mdmdual case 
The degiee of malignancy, the extent of the disease, and the ph3sical build 
and the status of the gcneial health of the individual These tliiee factors, 
togethei with the plan of management instituted, laigely deteiniine the per- 
centage of cures The extent of the disease is the most important factoi modi- 
fying the lesiilts of tieatment This is tiue because most lesions aie curable 
w'hen tieated eaily, notw'ithstanding the degiee of cell activity 01 the ph3'sical 
status of the patient 

Practicall3' all patients m this senes have been tieated by one of two 
methods — 111 adiation therap3', 01 the combined method of ii radiation and 
suigery The pioceduie follow'ed, itsitally, was an exploiatoiy curettage for 
all patients with a suspicious histor3' w'lth an immediate fiozen-section of the 
curettmgs b3' the pathologist If the micioscopic examination show'ed the 
piesence of a malignanc3', ladium w'as applied at the time If the lesion was 
believed an ojiei able one, and if the pltysical status of the patient w'as favorable 
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for suigei}^ usually a panhysterectomy was performed some six to eight weeks 
following the laclium tieatment In the gioup of patients tieated by ii radia- 
tion alone, i oentgenothei apy was begun two to eight weeks following the 
ladium application, and fiom one to thiee senes at twm months’ inteivals 
usually weie admimsteied For the group accepting suigeiy, the fiist roentgen 


Table IV 

CURABHITY ACCORDING TO GRADES 


S'Year survival 


Grade 

Survived 
live years 

Dead 

Percent 
of cures 

I 

7 

1 

87 55 s 

II 

20 

15 

57 45 s 

III 

10 

9 

52 65 s 

IV 

1 

0 

1007 . 


The degree of malignancy definitely modifies 
curability 


senes was begun from thiee to eight weeks after the opeiation Roentgeno- 
theiapy was used paiticulaily to foitify against legional metastasis 

A review of these 92 cases show^ed that 31 patients weie tieated more than 
five years ago exclusively by inadiation theiapy Thiiteen patients, or 41 9 
per cent, lived from five to 13 years, howevei, one of these is known to have 
died later of cancer (Table V) Eighteen patients, or 58 i per cent, died be- 
foie the end of five years, however, two of these deaths were due to mtercur- 
rent disease Thiiteen patients have been treated within the last five years by 
inadiation theiap)’- Eight of these patients are alive to-day Of the five dead, 
one In^ed foi foui yeais and died from diabetes Anothei died within one 
yeai of an acute respiiatoiy infection The patients wdio w'ere tieated by 
ladium and lived five yeais 01 more w^eie given an average of 3,500 mg hours 
The patients who w^ere given ladium and lived less than five ye^is wei'e given 
an average of 3,800 mg hours 

Theie were 24 patients who w'eie tieated moie than five yeais ago by 
piehininaiy inadiation and then suigeiy followred by 1 oentgenotherapy 
Nineteen 01 79 i per cent, of these patients w^ere apparently well fiom five to 
seventeen ^eais after treatment (Table VI) Five of the 24 patients aie 
dead, but one of the five is knowm to have died of an intercurrent disease Ten 
patients have been treated during the last five years by this piocedure, and 
all but one are living at this time and apparently fiee of disease It is note- 
w 01 thy that the highest percentage of cures has been obtained b}’^ this method 
of management The statistics of these twm gioups would seem to support 
our conviction that intiauterine inadiation therapy, followed by a pan- 
hysteiectomy is the piefeiable tieatment for the patient with a caicinoma of 
the fundus, wdien the disease is still limited to the uteius, and the patient is a 
reasonable suigical iisk How'^evei, it is realized that a comparison of the 
statistics of these two methods of treatment does not give a correct e^aluatlon 
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of the relative merits of the two plans of management, for a definitely higher 
])ei centagc of the more favoi ahle cases were treated hj^ the combined procedure 
Sixty-si\ patients with cancel of the fundus of the uteius have been treated 
by \aiious methods, tieatment having lieen completed more than five years 
ago, and a study of the end-i esults shows that 40 patients, 01 60 6 per cent. 



Pir I — Rtsuluil nclenocnrcinonn in fumlits follow iiii, ^600 nip liri ndiiim eight 

weeks preMons 



Pif- 2 I nrge rcsiclinl idenocircinonn in fundus following 5400 mg hrs radium sik 

w eeks pre\ ions 


lived fiom five to 17 years after receiving treatment Hysterectomies have 
been peifoimed for 48 patients There was only one death, or a mortality rate 
of 2 I per cent There were no deaths from radium therapy , therefore, the 
mortality rate of the 92 patients treated is only one death, or i i per cent 

Discussion Thirty-four patients were given radium and later the uteri 

removed A pathologic study of these uteri showed that carcinoma was still 
present m 18, or 55 8 per cent No cancer cells were found m 16 specimens, 
01 in 442 per cent of the removed uteri Healy and Brown reported that 
cancer cells were found present m 60 per cent, or 41 of 69 uteri lemoved after 
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appreciable detrimental results from its use Vaginal recurrences were devel- 
oped by three of the 14 cases, upon whom hystei ectomies were performed, 
without preliminaiy iiiadiation (Fig 3) This observation vould seem to 
support the opinion that preoperative irradiation is of definite value 

When the uteius is moderately enlarged, due to malignant disease, there 
IS piobabl}^ an extension of the cancer to the parametrium, and these cases are 



Tic 3 — Vafeiinl recurrence four rears after hjsterectomr No radiation 

tlierapr 


preferably treated by ladium However, when the enlaigement is primarily 
due to fibioid tumors, since it is difficult to adequately irradiate such cases, 
these patients should have ladium therap} followed by an hysterectomy Con- 
sidered as a group, the pei centage of cui es definitely diminishes as the size of 
the uterus increases There were, m this series, ten cases who had markedty 
enlarged uteii, and appaiently only two of the ten have been cured 

This review shows that ten patients were given irradiation therapy for a 
supposed benign lesion foi a vaiying number of years preceding admission, 
the average being 7 7 )'ears Seven of these ten patients w^ere admitted wuth 
advanced disease This would suggest that cancer was probably present m 
some of the cases at the time of this pievious iriadiation treatment It would 
also lend credence to the opinion that a number of these patients had abnormal 
endometiia preceding the development of the coipus cancer 

It was the observation of Burnam^ that there is a distinct tendency of 
these patients to develop cancel of an entirely different type in some other part 
of the body Some obsei vations noted in making this study wmuld tend to sup- 
port this point of vieiv There w^as one patient ivho had an adenocai cmoma of 
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the fundus and, a year later, ^vas found to have a squamous cell cancel of the 
cervix Another patient had a mixed adenocarcinoma and squamous cell 
epithelioma of the fundus, and, a year later, she died of a sarcoma of the 
jejunum Autopsy of this case revealed no evidence of a lecurrence of the 
uterine cancer Again, there was a patient who had a skin cancel and, fi\e 
years later, adenocarcinoma of the corpus uteri, and still four 3i'eais later, an 

T\bi.b VI 

^ „ 24 CASES TREATED BY PRELIMINARY 

Table V 

3 1 CASES TREATED BY IRRADIATION WITH IRRADIATION AND SURGERY WITH A 

A FOLLOW UP OF FIVE YEARS OR MORE FOLLOW UP OF FIVE YEARS OR MORE 


Survived 

Number of patients 

Survival 

Number of patients 

1 Year 

5 

1 Year 

2 

2 Years 

9 

2 Years 

1 

3 Years 

3 

3 Years 

1 

4 Years 

1 

4 Years 

1 

5 to 13 Years 

13 or 41 9 % 

5 to 17 years . . 

19 or 79 17 , 


early malignancy of the rectum Anothei had a skin cancel at the time of 
the uterine malignancy One patient had a breast removed foi a malignancy 
two years before admission with the fundal cancer Still anothei patient had 
two primary cancers of the fundus which had begun m separate polyps One 
of these was a Grade I malignancy, and the othei, Giade II 

CONCLUSIONS 

The treatment of the patient with carcinoma of the fundus utei i should be 
individualized, for each case must be considered fiom seveial different points 
of view The caidinal symptom of this pathologic entity is a small amount 
of irregulai bleeding There is only one accurate diagnostic pioceduie — ■ 
biopsy of the uterine curettmgs The majority of the carcinomata of the 
fundus have a malignancy of low degree of cell activity The disease ma) 
remain local for many months or even a few j^ears There are three methods 
of treatment Irradiation therap}’^, suigical extirpation, and a combination of 
these two methods Propei n radiation therapy will cuie a fair peicentage of 
these patients, and this is the preferable treatment for approximately one-half 
of the patients with this pathologic entity Impioved technic in the applica- 
tion of radium may increase the percentage of patients to be treated by ii i adia- 
tion Small doses of radium aie inadequate Added surgery to iriadiation 
theiapy definitely increases the probability of cuie when the physical status of 
the patient is such that she is a good suigical iisk Surgical remo^al of the 
uteius following preliminary inadiation, m carefully selected cases, is a pio- 
ceduie carrying a very low moitality and gives, definitely, the highest per- 
centage of cures 
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In the event there is a delayed diagnosis in the seriously ill patient, the end- 
results obtained m the treatment of osteomyelitis may be far from encouraging, 
and the mortality high An early diagnosis is important in obtaining the best 
results The diagnosis having been made after a careful study, the patient is 
prepared and operative treatment is instituted at the site of the diseased focus 
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Chart i — Case s Showing the temperature curve 
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Chart 2 — Case 9 Showing the temperature curve 


The proper time for surgical drainage is a contioversial question^ but, from 
our experience, eaily operative intervention combined with chemotherapy is 
the procedure of choice Decompressing the shaft of the bone at the site of 
the lesion offers relief from pain and affords drainage, thereby minimizing the 
continuance of a septicemia from this focus 
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The surgical procedure should be earned out with as little trauma as pos- 
sible to the patient and with a minimum time for operating The periosteum is 
treated gently and sepaiated sufficiently to permit exposing the cortex over 
the cancellous bone which is drilled according to the usual technic The cortex 
between the two or three drill-holes is lemoved to allow adequate drainage 
Since the disease has existed for several days, the pus will usually be under 
such pressure as to exude around the drill before the latter is removed The 
cavity IS packed loosely with vaselmed gauze^® and the extremity immobilized 
in a plastei dressing or mold Intravenous saline and glucose solutions supple- 
mented by small blood transfusions are given before and after operation as 
indicated The surgical management of the suckling child is not as radical 
The cortex of the bone m the infant is thin, and early perforation results with 
formation of a superficial abscess which can be drained In the older child, 
the same conservative form of surgical procedure is practiced where the flat 
bones of the pelvis are involved, for instance, when the disease attacks the 
ilium, the coitex perforates early, forming a superficial abscess which may be 
drained A resection of the diseased portion of the involved bone may be 
indicated by subsequent roentgenologic findings 

With the introduction of sulfanilamide therapy, the treatment of certain 
types of infection, paiticularly those due to the pneumococcus, meningococcus, 
gonococcus and certain forms of stieptococci, immediately showed a high pro- 
poitioii of favoiable results, as reported in a large number of published arti- 
cles ® Howevei , favorable effects on infections resulting f i om staphylo- 
cocci invasion were not apparent Soon after the drug became available, we 
used it in a number of cases of acute osteomyelitis, most of which were of 
staphylococcic origin, and the lesults were discouraging We were, there- 
foie, forced to continue reliance on surgical drainage of local lesions, blood 
transfusions, and occasional antitoxin tieatment for the relief of this serious 
disease There was continued improvement m the mortality rate, however, 
many of the patients developed secondary lesions , there were many secondary 
operations, and often progressive bone destiuction occurred, leading to long 
periods of morbidity and serious ciipphng deformities 

With some skepticism, we instituted sulfapyndine therapy, and the first 
patient was treated in Febiuary, 1939 Clinical investigation of this form of 
treatment as reported by Long,^® and others, indicated a favorable effect 
on certain types of staphylococcic septicemia, and it seemed logical to assume 
that patients suffering fiom sepsis associated with bone infection might also 
be benefited (Charts l and 2) The lesults obtained with sulfapyndine 
therapy were encouraging from the onset and it was soon apparent that a 
valuable addition to the treatment of septicemia associated with staphylococcic 
osteomyelitis was available 

In Febiuary, 1940, sulfathiazole was supplied for experimental use in the 
treatment of infected bone lesions Our results have not indicated that this 
preparation is more effective than sulfapyndine in the treatment of staphylo- 
coccic bone infections and the associated septicemia The drug, however, has 
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been better tolerated by some of our patients, and for this reason has been 
substituted in practically all of our cases of this type since this theiapeutic 
agent has been available Practically all of the patients have tolerated sulfa- 
tbiazole well and only in a few instances have gastric disturbances of any 
severity occurred Dermatitis has been occasionally obseived but has not 
been severe enough to necessitate discontinuance of the therapy With the 
exception of an occasional mild hematuria, disturbances in renal function thus 
far has not been apparent Acetylsulfathiazole crystals have been obseived 
in the urine of a number of patients undei treatment but have not given rise 
to symptoms Cyanosis has seldom occuried and temperature reactions have 
not been considered a result of the administration of the drug 

Blood detei mination of hemoglobin, methemoglobm and sulphhemoglobm 
have been routinely made in conjunction with blood level estimations of the 
drug These studies have not indicated serious changes even when fairly 
high blood levels have been maintained foi a number of days Oral admin- 
istration of the drug has been possible in neaily all cases In one patient, 
intravenous administration of the sodium salt of sulfathiazole was necessaiy 
because of continued vomiting after oral treatment, and the drug was well- 
tolerated The dosage was calculated on the basis of the patient’s weight One 
and one-quarter grains per pound of weight was given over a 24-hour period, 
divided and administered at four- or five-hour mteivals We found that 
this amount v^as usually effective, and a blood level neai 4 mg per 100 cc 
was maintained In cases where the blood level fell below this point the 
clinical response was usually satisfactory, and rarely was the dosage increased 
It has not been found necessary to give large doses at the onset of the treat- 
ment, but they are usually well-toleiated and may aid m a more rapid steriliza- 
tion of the blood stream by inhibiting the giowth of organisms As the 
patient’s temperature subsided and the geneial condition improved, the amount 
of the drug was gradually 1 educed Administration of this preparation was 
continued foi several days after the temperatuie approached a noimal level 
and clinical improvement was appaient 

Onl}- recently have we consideied the use of a sulfonamide derivative as a 
part of the local treatment of chronic osteomyelitis During the past few 
weeks, following sequestrectomy and saucerization, m a number of patients 
with chronic osteomyelitis, we have packed the cavities with sulfathiazole 
powder Insufficient time has elapsed to peimit an expiession of opinion 
legal ding the value of this method of therapy We have not employed any 
of these diugs locally m the cavities pioduced surgically m the treatment of 
the acute stage of the disease, although, appaiently, no contraindication to 
such treatment exists According to a number of published reports,*^’ ^ the 
local use of sulfanilamide 111 the treatment of compound fractures has either 
lesulted m a maiked decrease m the occurrence of complicating bone infections 
or has aided in combating such infections when present 

Articles lepoitmg the results fiom the chemotherapy type of treatment, 
particularly m pneumonia, piedominate m the medical literature ic- 2 Scat- 
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tered reports have appealed during the past year citing favorable results from 
chemotheiapy in osteomyelitis, but, to date, we have found no record of treat- 
ment in any laige senes of cases Although the series, herewith reported, is 
not very laige, we believe a resume of our experience during the past 22 
months in the treatment of this disease is justified by the results obtained 

CASE REPORTS 

Case I — K, white, male, age ii, was admitted, February 4, 1939, complaining of 
pain 111 the left hip region of two weeks’ duration The symptoms followed a fall while 
tobogganing Examination revealed an acutely ill, extremely toxic child with a rectal 
temperature of 103° F There was swelling of the left hip region although the leg could 
be flexed at the hip joint without pain There was great tenderness on pressure over the 
left ilium in the region of the anterior superior spine and considerable swelling along the 
iliac crest W B C 15,800, with 80 per cent polymorphonuclears Roentgenologic exami- 
nation revealed a limited demineralization in the region of the left iliac crest A diagnosis 
of acute osteomyelitis of the left ihum was made 

At operation, an abscess was found located subperiosteally and extending laterally 
as well as mesially to the ilium in the region of the anterior superior spine The bone 
was soft and spongy and exuding purulent material Approximately one-third of the ilium 
was resected subperiosteally A culture of the exudate from the abscess gave a growth 
of Staphylococcus aituits The postoperative course was unsatisfactory The patient 
remained toxic Blood cultures were negative Sulfanilamide was given and small 
transfusions administered The temperature declined but the patient still remained list- 
less and appeared toxic The administration of sulfapyridine was started in doses of 
12 gr every four hours, four days after operation The patient responded well, with a 
further drop in temperature to normal He became alert and interested in his surround- 
ings and the appetite became much improved Swelling decreased and the amount of 
discharge was considerably diminished in one week The sulfapjndine blood level was 
maintained between 4 8 and 8 5 mg per 100 cc for ten days, when the drug was dis- 
continued The patient’s general condition continued to improve and he was discharged 
to the Convalescent Hospital m four weeks Wound healing was complete in four months, 
and the patient was symptom-free 

Case 2 — N P , white, female, age eight, was admitted to the Afedical Service, 
February ii, 1939, complaining of pain in the region of the right knee of six days’ dura- 
tion Examination revealed a moderately ill child, with a rectal temperature of 102° F 
There was considerable tenderness and swelling just below the right knee and a possible 
diagnosis of osteomyelitis was considered Hot compresses were applied and sulfapyridine 
administration begun in a dose of 7 5 gr every four hours W B C 14,250, with 82 per 
cent poljmorphonuclears On February 15, 1939, the patient was referred to surgery 
At this time, a soft tissue abscess w'as found below the right knee and operation was 
advised 

Incision down to the tibia was carried out and a trephine of the bone performed 
The cortex was soft and a small amount of purulent material exuded from the drill-holes 
A blood culture, taken on admission, gave a growth of Staphylococcus aincus, cultures 
of the exudate from the abscess of the leg showed the same organism The child’s tempera- 
ture declined to normal in two dajs and the general condition improved Sulfapyridine 
was discontinued on the sixth day following operation The wound continued to discharge 
but in gradually decreasing amounts, while the child’s general condition rapidly improved 
She was discharged home on the tw'entj -third postoperative day Further progress in 
the healing was noted on the return visits to the Out-Patient Department A small 
sequestrum was expelled about six weeks following discharge, after which the wound 
healed rapidly There was complete closure in five months, and the patient was w’alking 
without discomfort 
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Case 3 — A P, white, female, age ii, was admitted to the Medical Service, July 6, 
1939, with a two-day history of pain and swelling of the right ankle, accompanied by a 
high fever A tentative diagnosis of rheumatic fever was made This child had a long 
previous history of pyuria with treatment in the gemto-unnary clinic for over three years 
before this admission Examination revealed an acutely ill child with a rectal temperature 
of 103° F , and swelling about the right ankle W B C 11,500 The patient was referred 
to surgery eight hours after admission The temperature at that time was 105° F , and 
the child had considerable pain A diagnosis of acute osteomyelitis of the lower right 
tibia was made, and immediate incision and drainage was earned out, with the liberation 
of a large colleetion of pus beneath the periosteum 

The operation included a trephine of the bone and liberation of purulent exudate from 
the cancellous area just above the epiphysis The administration of sulfapyridme gr 10, 
every four hours, was begun There was a rapid decline in the temperature to normal in 
four days and the patient was sitting up and enjoying a regular diet at that time The 
general condition was such that she was discharged to her home on the eighth postoperative 
day A blood culture, taken on the date of admission, was reported positive for Staphy- 
lococcus aui CHS and the culture of the exudate from the operative site showed a growth of 
hemolytic Staphylococcus anteus A blood level of sulfapyridme on the second post- 
operative day was 6 6 mg per 100 cc and the drug was discontinued two days later 
The subsequent course has shown slow healing of the lesion A sequestrectomy was per- 
formed SIX months following the initial operation and a saucenzation ii months from the 
date of the first operative procedure The wound continued to heal slowly, but was com- 
pletely closed three months following the last operation Roentgenograms show satisfac- 
tory bone regeneration 

Case 4 — W A, white, male, age four, was admitted, July 6, 1939, with a history of 
sore throat and fever one month previously Two weeks before admission the child began 
to complain at night of pain just below the right knee Swelling and tenderness of this 
area appeared, accompanied by a high fever A superficial abscess of the upper right leg 
was incised by a physician the day before admission The rectal temperature on entering 
the hospital was 101° F, and the child, though pale, weak and evidently undernourished, 
did not appear acutely ill Roentgenologic examination revealed irregularity of the bone 
structure at the proximal end of the right tibial diaphysis In view of the probable inade- 
quate drainage, a further operative procedure was carried out the day following admission 

A large soft tissue abscess was opened widely and a window cut in the cortex of the 
upper tibia The bone was found soft and necrotic The wound was packed with vaselined 
gauze and the extremity immobilized m plaster As a precautionary measure, sulfapyridme 
m doses of 7 5 gr , every five hours, was administered Convalescence was uneventful and 
the child was discharged on the thirteenth day after admission The subsequent course 
showed complete healing of tlie lesion without sequestration m four months, and there has 
been no reactivation of the infectious process 

Case s — M C, white, male, age seven, was admitted, August 31, 1939, with a history 
of one week’s duration of symptoms, including pain and swelling of the right leg On the 
third day of illness, the patient was placed in a contagious hospital with a diagnosis of 
anterior poliomyelitis After four dajs, the diagnosis of acute osteomyelitis was made and 
the patient was transferred to the Children’s Hospital Examination revealed a critically 
ill child, with a rectal temperature of 105° F He was unconscious and practically in a 
moribund condition, with a barely perceptible pulse The upper left leg was markedly 
swollen and discolored, and fluctuation was present W B C 6,700, with 84 per cent 
polymorphonuclears 

After preparation with intravenous fluids and, as a rather desperate measure, a rapid 
incision and drainage of the upper right tibia was carried out A large subperiosteal 
abscess w'as drained and a window cut in the cortex of the bone The wound was packed 
open with vaselined gauze and a posterior plaster mold applied Following operation, 
intravenous fluids and a blood transfusion wiere administered In a few' hours the oral 
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administration of sulfapyridine gr 15, every six hours, was begun and well-tolerated 
The blood cultures on admission gave a growth of Staphylococcus aiiicus, with hemolytic 
Staphylococcus aut cus recovered from the lesion of the tibia The patient’s condition 
following operation rapidly improved, with the temperature reaching normal on the fifth 
da} On the third postoperative da\, the patient sat up in bed, played games and took a 
liberal diet Sulfapyiidme was discontinued on the eighth dav following operation The 
patient was discharged to the Convalescent Hospital on the eighteenth postoperative dav 
The subsequent course was uneventful and without further mtei ference The patient was 
sent home two months later with the wound practically healed A month after discharge 
the wound was entirely healed and the patient was walking on crutches Serial roentgeno- 
grams have shown progressive healing without evidence of sequestrum formation When 
last seen, m August, 1940, there were no complaints, and the patient was walking normally 

Case 6 — H R, white, female, age two and one-half, was admitted, August 31, 1939, 
from the Citj Contagious Hospital, where she had entered the day before w ith a tentative 
diagnosis of anterior poliomyelitis There was a history of a limp affecting the right leg 
follow'ing a fall one w'eek previously Examination revealed a criticallj ill child wutli 
swelUwg about the right hip region and pain with motion of the joint The rectal tempera- 
ture was 105° F WBC 10,500, with 68 per cent polj morphonuclears Aspiration of 
the hip joint revealed the presence of thick green pus 

After preparation noth intravenous saline and glucose solution, the hip joint was 
entered through a posterior incision A large amount of purulent material was evacuated 
Rubber tissue drains were inserted into the joint caritj and the wound packed with rase- 
Imed gauze A plaster hip spica was applied A blood culture on admission and exudate 
from the hip joint gave a growth of Staphylococcus auirin As soon after operation as 
possible the patient was given sulfapj ridine gr 375, eveiy four hours This w'as con- 
tinued for 19 days, and the blood level maintained at 3 5 to 3 7 mg per 100 cc Four 
small blood transfusions w'ere administered over a period of three w’eeks The patient s 
general condition rapidly improved, and the temperature gradualh declined to normal in 
the couise of five days There was a moderate amount of purulent discharge from the 
operative w'ound, gradually decreasing and on the thirtv-sixth postoperatne day, the 
patient was discharged to the Convalescent Hospital Due to poor home conditions the 
patient has been kept at the hospital, although the w'ound has been healed for several 
months and roentgenograms show advanced healing of the lesion of the neck of the femui 

Case 7 — A P , w'hite, girl, age four, was admitted, Januarj 29 1940, wuth a histor\ 
of pain and swelling about the light knee over a three-daj period Examination revealed 
an acutelv ill child with a rectal temperature of 103° F, and pain and swelling m the 
region of the right knee joint and the lower third of the right thigh W B C 15,800, with 
86 per cent polv morphonuclears The right knee joint was aspirated shortlj after admis- 
sion and a few cubic centimeters of cloudy fluid obtained This fluid gave a positiv'e 
culture of Staphylococcus am cus A blood culture taken on admission showed hemoljtic 
Staphylococcus am cus 

After pieparation with intiav'enous fluids a large subperiosteal abscess of the lower 
right femur was drained A fenestra was placed in the cancellous bone just above the 
epiphyseal cartilage The wound was packed open and immobilized with a heav'v posterior 
plaster mold Purulent exudate from the abscess juelded a growth of Staphylococcus- 
am cus A few hours after operation, sulfapyridine w'as given orallj in doses of gr 75, 
fiv'e times daily The blood lev el was maintained from 5 to 6 5 mg per 100 cc for nine 
days The patient’s eondition appeared satisfactorv and the temperature was normal on 
the seventh day after operation At the request of the clinical bacteriologist of the hos- 
pital, sulfathiazole w’as substituted for the sulfapyridine on the ninth daj and given in 
doses of 7 5 gr , five times daily The temperature rose to 103° F rectally tvv'o da>s later, 
then declined and remained normal The patient was discharged to the Convalescent 
Hospital on the tvventv -third daj following operation, wath the extremity immobilized m 
a plaster spica dressing The general condition has remained excellent and bone regenera- 
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tion has been gradual There has been no evidence of sequestrum formation Recent 
roentgenograms showed narrowing of the joint space of the right knee and demineraliza- 
tion of the bone stiuctuie about the joint At present, November ii, 1940, there is an 
intermittent discharge of small amounts of purulent material from the operative wound 

Case 8 — L A , white, female, age six, was admitted, April 20, 1940, with a historj 
of pain and swelling of the left leg, persisting over a period of two weeks Examination 
levealed an acutely ill child with a lectal temperature of 103° F The upper one-half 
of the left leg was greatly swollen and markedly tender Fluctuation was present 
Roentgenologic examination revealed characteristic signs of an acute osteomj'elitis of the 
upper left tibia W B C 27,600, with 68 per cent polymorphonuclears A blood culture 
taken on admission gave a growth of Staphylococcus am eus 

The operative procedure consisted of drainage of a large soft tissue abscess and a 
trephine of the shaft of the tibia A fairly large fenestra was cut in the cortex and 
considerable thick purulent material was evacuated fiom the medullary canal The wound 
w’as packed open and a heavy posterior plaster mold applied Cultures of the exudate 
from the abscess gave a growth of Staphylococcus am eus Within a few hours after 
opeiation, the patient w'as able to take sulfathiazole in doses of 12 gr , ever} four hours 
A blood transfusion was given the follow'ing day The temperature subsided promptly to 
normal on the third day following operation, and remained normal until discharge to the 
Convalescent Hospital on the ele\enth postoperative day A blood culture on the eighth 
postoperative day gave no grow'th Sulfathiazole was discontinued on the ninth day after 
operation A blood level of 3 2 to 4 3 mg per 100 cc was maintained throughout 
administration 

Subsequent progress was satisfactory, with rapid subsidence of discharge and marked 
impiovement of the patient’s general condition Roentgenologic examination two months 
after operation revealed a number of small sequestra, and these w^ere removed June 22, 
1940, without any attempt at extensive saucerization The w'ound healed completely 
wuthm eight wrecks, and the patient was allow'ed to walk on crutches On examination, 
Novembei i, 1940, there w^ere no symptoms and no signs of reactivation of the inflamma- 
tory process 

Case 9 — O R, w'hite, male, age 13 months, }vas admitted, June 4, 1940, with a 
history of refusal to use the right leg for two and one-half wrecks Swelling in the right 
hip region accompanied by a high fever had been present for a three-day period before 
admission The patient w'as tieated at the hospital two months previously for broncho- 
pneumonia Examination revealed an acutely ill child, with a rectal temperature of 104° F 
The right hip w'as held flexed and externally rotated There w'as considerable sw^elling 
about the hip region, and pain with attempted movement Roentgenologic examination 
confirmed the diagnosis of an osteomyelitis of the neck of the right femur, and subluxation 
and lateral displacement of the femoral head was noted W B C 24,800, wnth 78 per cent 
polymorphonuclears Unfortunately a blood culture w'as not taken 

A few hours after admission, and following preparation with intravenous fluids, drain- 
age of a large submuscular abscess posterior to the right greater trochanter w'as carried 
out, together with incision of the hip joint and evacuation of a considerable amount of 
purulent material A culture of the pus from the joint gave a growth of hemolytic 
streptococci The w'Ound rvas packed and a plaster hip spica applied Sufathiazole m 
doses of 7 5 gr , everv eight hours, was given orally following reaction from the anesthetic, 
and was well-tolerated Tlie dosage was changed to gr 3 75, every four hours, the fol- 
lowing day The sulfathiazole blood level was 8 8 mg per 100 cc after the administration 
of several doses but fell to i 4 mg two days later The temperature dropped rapidly to 
normal within 50 hours and remained at this level Sulfathiazole was discontinued on 
the sixth postoperative day The amount of discharge from the incision decreased 
giadually The patient was discharged to the Convalescent Hospital on the tenth post- 
operative day Healing of the lesion in the femur has progressed gradually, and the 
general condition has been satisfactory Roentgenologic examination, October 2, 1940, 
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showed resolution of the inflammatory process and a decrease m the lateral displacement 
of the femoral head 

Case 10 — E F, white, female, age six, was admitted, June 4, 1940, with a history 
of pain and swelling of the lower left leg of 24 hours' duration The symptoms occurred 
a few hours after a fall from a swing Examination revealed an acutely ill girl with 
a rectal temperature of 105° F The lower left leg was swollen and very tender over the 
lower one-third of the crest of the tibia W B C 9,200, with 64 per cent polj'morpho- 
nuclears 

Intravenous fluids were administered, following which incision and drainage was 
carried out and a fenestra placed in the cortex of the lower left tibia No frank pus was 
encountered at any point but there was considerable edema of the soft tissues The wound 
was packed and partially closed by sutures A posterior plaster mold was applied A 
culture of material from the cancellous bone gave no growth while a culture of fluid from 
the soft tissues gave a growth of Staphylococcus aureus No blood cultures were taken 
Although the findings at operation were not significant of a clinical osteomyelitis, the 
extreme bone tenderness, together with roentgenologic findings five days after operation 
indicating a p5'^rogenic inflammatory process, appeared to justify a diagnosis of early osteo- 
myelitis The patient was given 30 gr of sulfapyridme as soon as she reacted, and this 
was followed by doses of 15 gr, every six hours She was given a blood transfusion on 
the second postoperative daj^ The temperature dropped rapidh to normal on the second 
day following operation, and was maintained at this level until discharge from the hos- 
pital Sulfapyridme was discontinued on the third postoperative day because of the 
patient’s rapid improvement She was discharged on the twelfth postoperative day The 
wound discharged very small amounts of seropurulent material, and healed entirely m six 
weeks The patient discontinued the use of crutches, August 30, 1940, 12 weeks following 
operation When seen, October 18, 1940, there were no svmptoms, and the patient was 
walking normally 

Case II — P G, white, male, age four, was admitted to the hospital, February 22, 
1940, with a history of upper respiratory infection two weeks previously Six days before 
admission he complained of a sore throat, fever and pain m the left knee Exammabon 
showed an acutely ill child with a rectal temperature of 101° F The left knee wais 
swollen and there was evidence of an effusion in the joint WB C 19,400, with 82 per 
cent polymorphonuclears Blood culture, February 22, showed St) cptococcus haeuiolvticus 
Sulfanilamide gr 30 was given on day of admission, and gr 75, every six hours, there- 
after Blood level was 45-114 mg Aspiration of the left knee joint, Februarj 27, revealed 
cloudy fluid, which on culture showed St) cptococcus haouolyhcus The temperature 
remained normal but there was a localized area of tenderness over the lower third of the 
femur On March 5, 1940, a trephine of the cancellous portion of the femur was per- 
formed, a small amount of pus being obtained The cortex was removed between the 
drill-holes, and the wound packed lightly with vaselmed gauze A posterior mold was 
applied The pus on culture revealed St) cptococcus haeuwlyticus Sulfanilamide was 
continued postoperatively, and the level maintained at 10 6-1 r 8 mg , it was discontinued 
entirely March 17 His convalescence was rapid and he was discharged from the hospital 
March 23 The wound was completely healed one month after discharge and follow-up, 
SIX months later, revealed child had complete range of motion of the knee joint 

Case 12 — M B , white, female, age 13, vv'as admitted to the hospital, November 4, 
IQ40, with a history of severe pain in the left leg of six days’ duration Examination 
revealed an acutely ill child, with a rectal temperature of 101° F There was exquisite 
tenderness ov'er the upper third of the left tibia W B C 15.450, with 82 per cent poly- 
morphonuclears A diagnosis of acute osteomyelitis was made, and four hours after 
admission temperature was 104° F 

An immediate incision and drilling of the left tibia with removal of the cortex 
between the drill-holes was carried out just below the epiphj'sis, and free pus escaped 
along the drill The wound was lightly packed with v’asehned gauze and the leg immobil- 
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ized in a posterior plaster mold Sulfathiazole, gr 30 was given every four hours, begin- 
ning the first postoperative day The blood sulfathiazole level, November 7, was 3 i mg 
The temperature gradually approached normal and remained entirely normal after 
November 13 Three transfusions of 250 cc were given during the postoperative period 
Culture of the pus from the tibia revealed Staphylococcus aureus haemolyhcus Drainage 
from the wound was quite profuse for the first week postoperatively but gradually dimin- 
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ished, and the patient was allowed up 111 a wheel chair, November 12, and discharged from 
the hospital November 20 

Case 13 — G H , white, male, age six and one-half, was admitted to the hospital, 
April 28, 1940, with a history of pain and swelling in the right knee and thigh for ii days 
The latter symptoms followed an upper respiratory infection of three days’ duration 
Examination revealed an acutely ill child, with tenderness over the lower third of the 
right femur, and evidence of fluid in the right knee joint Rectal temperature w^as 102 4° F 
W B C 20,800, w'lth 90 per cent polymorphonuclears 

Four hours after admission, under general anesthesia, the right knee joint was 
aspirated and cloudy fluid obtained An incision was then made over the lateral aspect of 
the right femur, drill-holes were made in the cancellous portion, and some thin pus 
obtained The cortex betw^een the drill-holes Lvas removed and the w'ound packed lightly 
with vasehned gauze The leg was immobilized in plaster Cultures from the right femur 
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and knee joint revealed Sttcpfococcus hacmolytxciis A blood transfusion was given, 
April 30, and the temperature ranged from ioi° to 103° F Sulfathiazole gr 15 was given, 
May I, and repeated every four hours, the blood level. May 4, was 40 mg The general 
postoperative course was smooth except for occasional temperature rise to 100° F He 
was discharged from the hospital June 2 He was readmitted, June 19, because of swelling 
and pain in the right knee joint and the traction applied m extension On June {2t, 
aspiration of fluid from the right knee joint was attempted but none was obtained The 
wound in the thigh was healed June 12 Local heat and traction were continued and the 
patient was discharged home, June 26, with a brace He was readmitted, September 28, 
and, under general anesthesia, manipulation revealed full extension and 90° flexion He 
was last seen on November 25, at which time there was evidence of thickening of the 
joint capsule, complete extension but flexion limited to 20° 

Case 14 — G K, white, male, age two and one-half, was admitted to the Medical 
Service, November 21, 1940, with a historj of pain in the left knee of two dajs’ duration 
A high fever had been present since the onset of the illness, and swelling of the knee 
had developed several hours before entering the hospital Examination revealed an 
acutely ill child with a rectal temperature of 103 8° F The left knee was moderately 
swollen and very tender to palpation The joint could be moved through a range of 45° 
without pain W B C 23,600, with 72 per cent polymorphonuclears The patient was 
referred to the Surgical Service, November 23 At this time, the swelling of the knee 
was still present and, m addition, there was localized tenderness and moderate swelling 
over the lower one-third of the left femur Immediate operation was advised 

The knee joint was aspuated and 4 cm of thin cloudy fluid obtained A lateral 
incision was made over the lower left femur The periosteum was incised, and drill-holes 
placed through the cortex A small amount of cloudy fluid exuded from the lower drill- 
openings The wound was partially closed after packing with vasehned gauze, and a 
posterior plaster mold applied Cultures of the fluid from the knee and from the drill- 
holes in the femur both gave a growth of Sticpfococcus Iiacviolyticxxs Sulfathiazole gr 15 
was given shortly after admission, continued in doses of 75 gr , every four hours, and 
was well-tolerated The temperature declined to normal in 48 hours, and has remained 
at that level The patient’s general condition has greatly improved and there has been no 
complaint of pain since operation On December 2, 1940, the patient was sitting up in 
bed and taking a regular diet There was a moderate amount of seropurulent drainage 
from the wound The sulfathiazole was discontinued on the twelfth day following 
admission 

The following cases are considered as a sepaiate gioup because of a ques- 
tion in diagnosis , because of the presence of a complicating condition , or 
because of a change from the usual loutine of tieatment These histones are 
not complete but are included because they represent added expeiience with 
chemothei apy m a vaiied number of bone and joint lesions 

Case 15 — E W , male, age nine, was admitted. May 13, 1940, with a history of pain 
in the upper right arm of one week’s duration Examination revealed an acutely ill child 
with a rectal temperature of 103° F The right shoulder was markedly swollen and 
painful to palpation 

Incision and drainage of the right shoulder joint was carried out shortly after admis- 
sion, and a large amount of pus evacuated Purulent exudate was found subperiosteally m 
the upper humerus, and drill-holes were placed into the cancellous portion of the bone 
No pus was noted after trephining The arm was immobilized in a plaster shoulder spica, 
111 a position of abduction Sulfathiazole was given in doses of 30 gr , four hours apart, 
for a total of 60 gr , and then administered m doses of 15 gr , five times daily Intravenous 
fluids and a blood transfusion were giv^en Convalescence was uneventful The tempera- 
ture reached normal in 48 hours, and the patient’s general condition improved rapidly 
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Sulfathiazole was discontinued on the eighth postoperative da}”-, and the patient was dis- 
charged on the thirteenth day after operation The wound was completely healed in four 
weeks On examination, three months after operation, there was a complete range of 
motion in the shoulder joint 

Case i6— D C, white, female, age six, was admitted to the Medical Service, March 
27, 1939, with a diagnosis of acute rheumatic fever Localizing symptoms developed in 
the right hip region several days later and the patient was transferred to the Surgical 
Service A blood culture was positive for Streptococcus haemolyhctts Treatment 
consisted of immobilization with plaster, and sulfanilamide in doses of 10 gr , every six 
hours, over a period of 37 days A soft tissue abscess developed in the right groin and 
was drained A number of blood transfusions were administered Roentgenologic studies 
showed progressive destruction of the head and neck of the right femur and the acetabulum 
Soon after admission a serious cardiac lesion developed Recovery has been slow, and 
the patient has been continuously immobilized during the interval of 19 months since 
admission m plaster spica dressings There is considerable discharge from the sinus m 
the right groin at present Recent roentgenologic studies showed some healing of the 
bone lesion, and evidence of beginning ankylosis The patient’s general condition is 
improved although there has been little change noted on repeated examinations of the 
heart 

Case 17 — B R, white, female, age three, was admitted, September 10, 1940 The 
patient had been operated upon elsewhere, one year previously, and a soft tissue abscess 
of the upper right leg was drained The wound has drained intei mittently since The 
day before admission, the leg became swollen and tender and the patient had chills and 
fever On examination, there was considerable swelling and tenderness over the lateral 
aspect of the upper right leg Roentgenologic study showed an extensive osteomyelitic 
process of the upper portion of the shaft of the right fibula 

At opeiation, the upper fibula was found necrotic and a considerable portion of the 
shaft was excised subpenosteally The wound was partially closed and then packed with 
vasehned gauze A posterior plaster mold was applied Sulfathiazole was given in 
doses of 12 gr , every five hours The child’s general condition rapidly improved The 
rectal temperature dropped from 103° F on admission, to normal in 24 hours, and 
remained at that level The patient was discharged on the twelfth postoperative day, 
with the wound dischaigmg a small amount of purulent material On November i, 1940, 
the wound was nearly healed The patient’s general condition was excellent, and roent- 
genograms showed evidences of healing 

Case 18 — L B , white, male, age four, was admitted, August 18, 1940 with a historj-^ 
of pain and swelling of the upper left leg over a period of four weeks The patient had 
a cold just prior to the onset of pain in the leg The child was treated by three physicians 
in turn and finally sent to the hospital One physician had incised a soft tissue abscess 
of the upper right leg Examination revealed swelling and tenderness of the upper 
one-half of the left leg The temperature was normal Roentgenograms showed a diffuse 
destructive process of the tibial diaphysis characteristic of osteomyelitis With bed-rest 
the pain and tenderness subsided and the child was transferred to the Convalescent Hospital 
six days after admission He was readmitted seven days later acutely ill, with a recur- 
rence of pain and tenderness in the left leg and a rectal temperature of 104° F A blood 
culture was positive for Staphvlococcus atbus Hot compresses were applied to the leg, 
and sulfathiazole administered in doses of 75 gr, every four hours The temperature 
subsided to normal in 24 hours, and the local symptoms in the leg rapidly disappeared 
The temperature remained noimal and the general condition of the patient was much 
improved The child was discharged on the fourteenth day after admission Since 
discharge, the patient has been observed at weekly intervals The leg remains somewhat 
swollen but not tender Roentgenograms show extensive periosteal proliferation and 
development of a large sequestrum Operative measures, to include sequestrectomy and 
saucenzation, wull be carried out at an early date 
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Case 19 J S , white, male, age nine, was admitted to the Medical Service, June 27, 
1940, with a history of pain in the region of the left knee for a period of three days 
Examination revealed an acutely ill child, with a rectal temperature of 104° F The left 
knee was swollen and there was pain on pressure over the lower left femur The blood 



A B 

Fig I — Case 2 Radiograms o£ Is P (A) March 8 1939 (B) Februarj 19, 1940 



A B 

Fig 2 — Case 5 Radiograms of M C (A) October 27, 1939 (B) Januarj 12, 1940 

culture was positive for Staphylococcus aineiis After consultation, the patient was 
transferred to the Surgical Service and operation performed 

The knee joint was aspirated and a small amount of cloudj fluid obtained The 
lower left femur was then drilled and pus escaped from the lower openings A culture of 
the fluid from the knee, and pus from the femur, gave a growth of Staphylococcus aureus 
Sulfathiazole gr 15, five times daily, vas administered, and continued in gradually decreas- 
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ing doses for 21 days The temperature fell rather slowly to normal, however, the 
patient’s general condition rapidly improved The swelling of the knee subsided in a few 
days, while at no time was there more than a small amount of discharge from the incision 
of the lower thigh The patient was discharged on the twenty-third postoperative day 
Some swelling of the knee has recurred since discharge and there is some limitation of 
motion The surgical wound is healed Roentgenograms show normal articular cartilage 
spacings of the knee joint, and some demineralization of the lower femur There are no 



Fig 3 — Case s End result m M C (ref Fig 4 — Case i End result m A K , 
Fig aA and B), November 22, 1940 December 27, 1939 


definite areas of bone destruction On November i, 1940, the child was walking on 
crutches and receiving physiotherapy treatments His general condition was satisfactory 

The foregoing discussion and the case reports emphasize the value of 
chemotherapy m the management of acute osteomyelitis The histones indi- 
cate that a number of the patients were treated before operation by some form 
of chemotherapy The clinical picture of sepsis complicating osteomyelitis 
may be masked by previous chemotherapy, but local pain and tenderness per- 
sist The early administration of sulfapyridine or sulfathiazole apparently 
contiols the bacteremia and no doubt plays a prominent role in the prevention 
of secondaiy metastatic foci in othei bones In this series, treated by chemo- 
therapy, none of the patients developed evidence of other bone involvement 
(Fig I, A and B — ^Fig 2, A and B) It will also be noted that only two 
of the cases showed evidence of later sequestration 

It IS interesting to note that Brown, ^ in 1939, reported the moitality of 
160 cases of acute osteomyelitis, studied in seven hospitals, and found a ii i 
per cent mortality when surgery was delayed Practically all of the cases in 
our series fall in the group classified as having had delayed operation Brown 
further reports that operations performed when a blood stream infection was 
present, resulted m a 52 6 pei cent mortality He also found that 21 9 per 
cent of the patients having delayed opeiation showed secondary bone infection 
(Fig 3 and Fig 4) 
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It IS apparent fiom oui study that chemothei apy combined with earl^ 
suigeiy, even in the presence of a blood stieain infection, reduces mortality 
and loweis the incidence of secondaiy bone involvement (Table II and Fig 5 ) 


T\ble II 


CONCLUSIONS 


ACUTE OSTEOMYELITIS 


YEAR 

NO OF 
PATIENTS 

EXPIRED 

MORTALITY 

Rate 

igaA 

23 

5 

21 7“/. 

1935 

29 

7 

24 \ ^c 

1936 

15 

3 

20 of. 

1937 

32 

3 

9 Z'j> 

1938 

22 

1 

4 5“/. 

1939 

12 

0 

oof. 

JAN 1 

TO DEC 1 
19‘tO 

7 

0 

0 of. 

total 

140 

19 

13 Sf. 


Our experience with chemotherapy m 
this series of 19 patients treated for acute 
osteomyelitis leads us to the following 
conclusions 

(1) Osteomyelitis is one of the seii- 
ous diseases of childhood 

(2) The mortality from septicemia 
associated with bone infections can be 
considerably reduced by sulfapyridine or 
sulfathia7ole theiapy, emplo3^ed in con- 
junction with relativel)'^ early and ade- 
cjuate suigical diainage of the local lesion 

(3) The use of these drugs aids in lim- 
iting the amount of bone destruction and 
defoimity, helps, apparently, m the pre- 
vention of secondary metastatic lesions, 
and favoiably influences all types of com- 
jilications m number and seventy' 


STUDY or 140 PATIENTS WITH ACUTE OSTEOMYELITIS 1934 40 


35 



1934 1935 1936 1937 1938 1939 1940 


I-I-40TO 

12-1-40 

Fig 5 

(4) Bone legeneration progresses moie rapidly where this type of therapy 
IS utilized, and ultimate healing occuis at an earliei date, theieby mateiially 
shortening the convalescent peiiod 
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Discussion — Dr Frank Dickson (Kansas Cit3s Mo ) Fracture of the 
neck of the femur has been desctibed as the unsolved fracture, and it mi^ht 
with equal tiuth, be said that bemonbagic osteomyelitis might be desciibed as 
the unsolved disease of bone In the future, howevei, through the use of 
chemotherapy, it seems piobable that we aie going to have a different picture 
Doctor Penbeithy has presented a series of cases in which chemotherap) has 
been employed, m which the results have been most satisfactoiy I thoioughly 
agree with him m his position of advocating immediate drainage of an acute 
osteomyelitic focus I do not believe in postponing drainage indefinitely or 
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not operating at all Naturally, one does not operate upon a dehydrated 
child, but it does not take long, with proper treatment, to get a patient into 
satisfactory condition, and then drainage, in our opinion, should be instituted 
at once The shortening of the healing period and the excellent results pre- 
sented by Doctor Penberthy, in his series, makes it one of the best end-result 
reports m the treatment of osteomyelitis Avith which I am familiar 

We have had some tremendously interesting experiences with osteo- 
myelitis, acute and chronic, using chemotherapy in the last few months We 
have used sulfathiazole exclusively Instead of packing the wound with 
vaselmed gauze after drainage, we have placed sulfathiazole crystals m the 
wound and closed it up tight All have healed by primary union — not one 
has broken down l We have given sulfathiazole by mouth, when possible, 
before operation, and for as long as i8 days following operation, as Avell as 
introducing it into the wound The results have been primary healing, and 
no moi tality If the results of the use of chemotherapy continue as promising 
as they are at the present time, I believe that we may look upon it as a boon 
m the treatment of this disease which, as Doctor Penberthy says, has, here- 
tofore, left behind it a trail of more or less incapacitated and crippled indi- 
viduals 

This paper was read before the Fifty-third Annual Session of tlie Southern Surgical 
Association, Hot Springs, Va , December lo, 1940 
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BRIEF COMMUNICATIONS AND CASE REPORTS 

DUODENAL RUPTURE AND FAT NECROSIS 

REPORT OF TWO CASES 

George G Dixon, M D 
Brooklyn, N Y 

Duodenal rupture, uncomplicated by gioss nijuiy to othei abdominal 
oigans, IS laie, as is also pancreatic ruptuie The two cases herewith re- 
poited concein duodenal rupture with fat necrosis but without evident pan- 
creatic in3ury 


CASE reports 

Case I — A male, age 57, was admitted to the Surgical Service, ICings County Hos- 
pital, at 2 p M , October 23, 1936, with a history of having been severely squeezed be- 
tween two trucks, at the level of the lower anterior thorax and upper abdomen, at 7 A M 
of that day He was unconscious for about an hour, then vomited — no blood 

Temperature 100° F, pulse 80, blood pressure 110/70 No evidence of peritonitis 
at that time Observation was decided upon There were 200 R B C to the low power 
field found in the urine, and contusion of the kidney was diagnosed The following day 
the temperature was unchanged, pulse had risen to 100, blood pressure 110/90 The 
patient was apprehensive There was increasing abdominal rigidity, nausea but no 
vomiting A plain roentgenogram of the abdomen was negative for air under the 
diaphragm Perforated bowel was diagnosed and patient was operated upon 

Operative Pathology — A large amount of beef broth-hke peritoneal fluid was present, 
and fat necrosis was noted in the upper right quadrant The pancreas was exposed 
through the gastrocolic omentum and found grossly normal , nothing was found in the 
lesser sac There were several contusions of the jejunum and a moderate amount of 
retroperitoneal hemorrhage in the right lumbar gutter A perforation, the size of a pea, 
was found in the anterior wall of the third portion of the duodenum through which 
duodenal contents was escaping There was no induration surrounding the perforation 
to indicate an old process The area surrounding the perforation was inflamed and cov- 
ered with an exudate of lymph The perforation in the duodenum was closed with two 
layers of sutures The patient became uncontrollable and eviscerated during the third 
day The abdomen was resutured at once with silver wire, but he died of broncho- 
pneumonia six days after the first operation No autopsy was obtained There was, 
however, no evidence of continuing fat necrosis at the time of the second wound closure 
Case 2 — A male, age 46, was admitted to the Neurologic Service, Kings County 
Hospital, at 3 20 pm, September 8, 1938, with a history of ten minutes’ unconsciousness 
following an automobile accident The patient was transferred to the Surgical Service 
after a skull fracture had been excluded The significant findings were a small, deep 
laceration and contiguous brush-burn in the left upper abdominal quadrant, contusion 
and laceration of the forehead and lower hp, compound fracture of the mandible and 
nose, fracture of the left humeral shaft The patient was treated for shock The ab- 
dominal wall was rigid on admission, a diagnosis of lacerated abdominal \iscus and 
hemorrhage was made, and operation was performed when recovery from shock per- 
mitted The blood pressure at that time ivas 130/100, pulse 116, temperature 99° F 
Opciatwc Pathology — Six to 700 cc of beef broth-hke fluid was present in the ab- 
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domen, and fat necrosis was noted in the right upper abdomen and great omentum 
Examination of the pancreas and its entire extent, through the gastrocolic omentum 
revealed an apparently normal pancreas and an emptj lesser sac A perforation in the 
first portion of the duodenum, about the size of a pea, was found through which duo- 
denal contents was escaping There was no induration surrounding the perforation, 
and there was no evident effort being made to wall it off Three layers of sutures, plus 
a tag of omentum, closed the perforation Culture of the peritoneal fluid showed 
Staphylococcus atiicus The patient developed signs of peritonitis and pneumonia and 
died September ii, 1938. three days after operation 

Autopsy revealed general peritonitis and fat necrosis, wound infection, and a tight, 
sutured perforation of the first portion of the duodenum The pancreas was apparently 
normal Its ducts were not lacerated There was bronchopneumonia A microscopic 
examination of the pancreas revealed only the usual postmortem changes 

Discussion — Dragstedt, Haymond and Ellis, ^ repeated the demonstrations 
of pievioiis investigatois, that inactivated pancreatic juice may be poured into 
the peritoneal cavity without immediate serious consequences They also 
showed that steiile siiccus entei tens, placed in the peritoneal cavity, is relatively 
innocuous When, however, infection becomes a factor, peritonitis and fat 
neciosis cause lapid death 

These findings aie probably an adequate explanation of the foregoing cases 
In one, there was no gross pancreatic injury found at operation and, in the 
othei, no gross 01 microscopic evidence of pancreatic injury found at autopsy 

Boyd- notes that acute, microscopic necrosis of the pancreas may occur 
without gioss evidence of its piesence This, theiefore, may have been the 
condition in the unautopsied case but not m the other 

Fat neciosis consists of a breaking down of fat by means of activated 
tiypsmogen and lipase The tiypsmogen is activated by enterokmase derived 
either fiom the succus eiifeiicus or from the bieaking down of traumatized 
cells The activated trypsmogen must get undei the peritoneal covering to get 
at the fat cells and kill them, peimitting the lipase to break down the fat into 
fatty acids and glyceiin The peculiar spotty appearance of fat necrosis sug- 
gests lymphatic spread, and we know that this spread may at times penetrate 
the diaphragm and involve the pleura and pericardium 

One wonders why, if duodenal rupture be the cause of fat necrosis at times, 
one does not find the condition more often Certainly the writer has never 
seen fat neciosis complicating the perforation of an ordinary duodenal ulcer, 
and questioning of others has not elicited it as having been a factor 111 this con- 
dition Certainly, it is worthy of note that the finding of fat necrosis in a trau- 
matic abdomen should direct one’s attention to the fiist and third parts of the 
duodenum if no pancreatic injury appears after exploration of both peritoneal 
cavities 
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TOTAL CYSTECTOMY WITH BILATERAL NEPHROSTOMY 
FOR CARCINOMA OF THE BLADDER 


FIVE- YEAR RESULT 

Abraham Hi man, M D 
New York, N Y 

Case Report — The patient, a male, age 51, was admitted to Mt Smai Hospital, 
in August, 1934, with the following history He had had gross hematuria for five 
months for which he was treated with bladder lavages When he came to the hospital 
his urine was grossly bloody, he urinated many times during the day and ten or 12 
times at night He had lost 40 lbs of weight during the four months prior to entering 
the hospital When admitted, he was in an emaciated, cachectic condition, running a 
temperature between 102° and 104° F Roentgenologic examination of the kidnejs 
was negative for calculi Intravenous pyelography show'ed some dilatation of the right 
kidney with poor visualization, w'hereas the left kidney W'as apparently normal C^sto- 
grams Nvere then taken which showed a huge filling defect in the bladder, representing 
the tumor that w'as later removed He was then cystoscoped, with difficult}, on account 
of the marked hematuria This showed a tremendous neoplasm occupying the greater 
part of the bladder, extending down to the internal sphincter and covering over the trigonal 
region so that the ureteral orifices could not be visualized A biopsy w^as taken from 
the tumor which was reported as an infiltrating squamous cell carcinoma with areas 
of necrosis The patient w'as in such a debilitated condition nothing could be done for 
three or four days, except to give him several transfusions He had no kidney tender- 
ness, but w'e suspected that the temperature was probably due to infection of the right 
kidney At that time his hemoglobin was 35 per cent, and he had received three trans- 
fusions 

On August 14, 1934, a right nephrostomy was performed On opening the kidney 
there was escape of purulent urine A tube w'as introduced through the cortex into the 
pelvis of the kidney There was remarkable improvement followung this nephrostomv 
The temperature dropped to normal in 48 hours, and the general condition improved 
He looked like a different individual He w^as given small transfusions at short intervals 
so that, in about two weeks' time, he w'as in such good condition that we considered it 
advisable to go ahead wnth the second stage of the operation After reviewing the 
cystograms and the cystoscopic picture w'e decided there was only one thing to do — 
total cystectomy The tumor was too huge for radiation or partial resection, it was 
either do nothing at all or a total cystectomy This was performed, August 24, 1934 

Opetatwn — Through a midline incision, an enormous bladder was exposed, which 
made mobilization rather difficult despite the long incision After tying off the vesicular 
arteries, the bladder w'as mobilized dowm to the prostate The bladder, seminal vesicles 
and half of the prostate were removed in one piece, without opening into the bladder 
The left ureter was mobilized, cut across and implanted 111 the anterior abdominal wall 
just internal to the anterior superior spine The patient did wtU for two days Then 
the temperature rose to 102° F He w'as draining w'ell through the right nephrostomy 
wound, we noticed, however, that drainage had stopped from the left nephrostomy in 
the skin We found that this ureter had retracted In view' of the nephrostomy on 
the right side, it was thought best to perform a nephrostomy on the left side instead 
of another reimplantation of this ureter This was done, and the patient imprmed 
remarkably The temperature dropped to normal, and he was discharged from the 
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hospital after five weeks Within six months he had gamed 40 lbs in weight, his hemo- 
globin rose from 35 to 70 per cent, and he was in excellent condition 

Subsequent Com sc — The patient has been followed to the present time The post- 
operative treatment consisted in changing his nephrostomy tubes once every two weeks 
with occasional pelvic lavages Oii-and-off, he has had some form of urinary antisepsis 
He was well until 1936, when he was admitted for bleeding from the left nephrostomj 
tube Roentgenologic examination showed no calculi After a feiv pelvic lavages this 
stopped and he was discharged after a few dajs He went along m very good condition 
until 1939, when he was readmitted because of trouble with the drainage through the 
right nephrostomy tube Examination showed that there was a calculus in the nephrostomy 
sinus This was easily removed after dilating the sinus, and he has been well ever since 

We feel that total C3'stectomy has a definite place in the management of 
certain types of bladder carcinoma, particularly extensive cancer, such as this 
was , in large tumors involving the neck of the bladder and the trigonal region , 
and those growths that, to a large extent, infiltrate from the bladder into the 
prostate Oui method of choice is total cj^stectomy with skin implantation 
piefeiably m two stages At the first stage, both ureters are implanted in 
the skin, aftei which the bladder is removed Most of these kidneys are 
infected, the ureters are genei ally dilated so that there is a large risk attached 
to performing an ureterosigmoid implantation When dealing with non- 
infected kidneys and normal ureters, implantation into the sigmoid is perhaps 
the piefeiable piocedtire 

We have pei formed 27 total cystectomies to date, with an operative mor- 
tality of 22 per cent The longest survival after an operation, such as this 
one, has been nine years, and this patient did not die of a metastatic lesion 
but of renal infection We have patients who have survived cystectomy four, 
five, seven, and eight years About 50 pei cent of the patients who survived 
the operation have lived five years 01 longei 
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CARCINOID TUMOR OF THE CECUM 

John M Waugh, M D and John M Snyder, M D 
Rochester. Minn 


Division of Surge) y, Mayo Clinic and Fclloiv 

Only 1 1 cases of carcmoid tumors of 
the colon have been reported in five of 
which the lesion was in the cecum Wyatt 
was able to collect reports of eight cases of 
carcinoid tumors of the large bowel from 
the literature, and reported one of his own 
In three cases of this series the cecum was 


Surgery, Mayo roundatwn Rochestc) Minn 

tumor, cecum, and appendix were removed, 
and pathologic examination revealed adeno- 
carcinoma, Grade I, of the so-called carcinoid 
type The tumor measured 2 cm in diam- 
eter and was situated in the cecum at the 
base of the appendix with obstruction of the 
appendiceal lumen (Figs 1, 2 and 3) Ex- 
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Fig 1 — Gross specimen Showing cecum with tumor, and its relation to appendix 


involved Besides these three we wish to 
call attention to two more and to report a 
sixth case which makes the total number 
of carcinoid tumors of the colon 12 The 
first was reported by C W Mayo in 1933 
and the second case has been reviewed in 
detail recently by Mayo and Wilson 

Case Report — The patient, a female 
age 20 was operated upon for perforative 
appendicitis with peritonitis and in addi- 
tion, was found to have a small tumor in 
the cecum at the base of the appendix The 


amination of the appendix revealed acute 
purulent appendicitis 

Comment — ^There are now six known 
cases of carcinoid tumor of the cecum The 
clinical record in one is not av'ailable in 
two the tumors did not produce symptoms 
in two they caused symptoms of obstruc- 
tion (one by intussusception, although it 
was situated at the appendocecal junction) , 
in the remaining case the tumor was located 
in the cecum near the base of the appendix 
and caused acute obstructive appendicitis In 
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only one of the six cases were the tumors cially in the base at the crypts of Lieberkuhn 
multiple In two metastasis was demon- They grow slowly and their relative infre- 
stnble In the case we have reported no qucncy probably will continue to prevent 
attempt was made to explore the general ab their preoperative diagnosis However their 
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GASTRIC MOTILITY 


THE CLINICAL SIGNIFICANCE OF HUMAN GASTRIC MOTILITY' 

Fiank E Hamilton, MD 
Columbus. Ohio 


From the Deportment of Reseorch Surgcrj, 

The motor ACTIVirV of the human 
stomach is of demonstrable clinical im- 
portance It IS affected not only by dis- 
turbances in gastric physiology, hut also by 
certain pathologic changes occurring else- 
where in the gastro-intestinal tract In earlier 
investigations of the department 12315 
the balloon and kymograph method was 
used to study the influence of the extrinsic 
innervation the reaction of the stomach fol- 
lowing celiotomy and the effect of drugs 
upon gastric motility 


the Ohio State Unnersitj, Columbus, Ohio 

benign obstructive duodenal ulcer revealed 
kymographic evidence of gastric hyperactiv 
ity occurring simultaneously with clinical 
evidence of pylorospasm Spontaneous hy- 
pomotility of the stomach was associated 
with simultaneous relief from pain Activa- 
tion of the stomach following administra- 
tion of morphine or the atropine prostigmine 
sequence was associated with epigastric pain 
Following administration of atropine or 
ephednne gastric quiescence ensued and at 
once the pain ceased 
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COUriNUOUS NAUSEA 
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Graph 1 — The contiol of late postopentnc nausea Continuous nausea i\as obsened through 
out the period of gastric hjpermotihtj Coincident with the onset of gastric h>pomotilit> there was 
complete lelief from nausea 


With these studies as a background we 
are now investigating clinical variations in 
gastric motility A patient who complained 
of postoperative gas pains was studied 
The kymograph recorded greatly increased 
gastric activity coincident with clinical evi- 
dence of pain Decreased gastric activity 
and simultaneous cessation of pain followed 
administration of atropine 

Late postoperative nausea was studied on 
a patient with a permanent gastrostomy 
The balloon was inserted directly through 
the gastrostomy opening, and the stomach 
was found to be in constant, irregular 
hyperactivity During this period the pa- 
tient complained of continuous nausea Fol- 
lowing intravenous administration of atro- 
pine there was immediate cessation of gastric 
activity along with complete relief of the 
nausea (Graph 1 ) 

Preoperative studies of a patient with a 


The relation of gastric motility to biliary 
colic was investigated upon a patient who 
at subsequent operation was shown to have 
the gallbladder cystic duct, and common 
duct filled with small cholesterol stones 
Prcopcratively, the patient had occasional 
attacks of upper right quadrant pain, clin- 
ically indistinguishable from biliary colic 
A motility investigation during such an at- 
tack revealed constant gastric hyperactivity 
Administration of intravenous atropine was 
quickly followed by gastric quiescence and 
complete relief from pain Morphine re- 
versed the action of atropine and coincident 
with the pronounced irregular gastric hyper- 
activity the patient again complained of 
colic-hkc upper right quadrant pain indis- 
tinguishable from the pain of biliary colic 
(Graph 2 ) 

From these studies it appears that gastric 
motility IS affected by certain lesions of the 


* We are indebted to Abbott Laboratories Inc for the intraaenous preparations of atropine and 
morphine, also to Hoffman LaRoche Inc, for the prostiRmine used in this inicstigation 

This iniestigation was aided hj a grant from the Comlv Fund for Research of the Ohio State 
Uniiersitj 
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stoimch as well as by certain lesions of more 
distal intestine similarly innervated In the 
cases reported, clinical discomfort occurred 
simultaneously with kymographic evidence 
of gastric hypermotility avhether that hyper- 
motility was spontaneous or induced by the 
administration of morphine or the atropine- 
prostigmine sequence Conversely, the pa- 


of Morphine and Atropine on the 
Human Stomach Jour Pharm and 
Exper Therap 61, 230, 1937 
’ Vcach, Harry O Lauer, B R , and James 
A G Effects of Prostigmine and 
Atropine on the Human Stomach 
Jour Pharm and Exper Therap , 62, 
422, 1938 
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Colic like pain 

Grath 2 — The sjniptomatic control of hili irj colic due to cholecj stitis uilh cholelithiasis 
Continuous upper right quadrant pain, indistinguislnhle from that of hiliarj colic uas 
noted throughout the entire period of gastric hyperniotilitj Complete clinical relief was 
noted coincident with gastric hj pomotilit> induced b> the intraienous administration of 
itropine jrorplnne retersed the action of atropine and with the recurrence of gastric 
In peractivity the patient again complained of seaere pain indistinguishable from that of 
biliarj colic 


tients ceased to complain of pain when the 
stomach vas quiescent whether that 
quiescence was spontaneous or was induced 
by the administration of atropine or ephed- 
rine 

Abnormal motility of the human stom- 
ach would seem to be often associated with 
common abdominal disorders Control of 
the abnormal gastric activity by means of 
standard drugs will often simultaneously 
control the clinical symptoms 
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Discussion — Dr J C Schnedorf 

(Kansas City) I should like to ask Doctor 
Hamilton whether he has differentiated the 
hypermotility in the different clinical con- 
ditions of the stomach from the hyper- 
motility of the stomach as seen in hunger 
contractions and whether he has tried con- 
trolled injections such as injecting saline 
That certainly has a sedative effect upon the 
hypermotility of the stomach 

Dr Frank e Hamilton (Columbus 

closing) There is very little similarity be- 
tween hunger contractions and the gastric 
hypermotility associated with the type of 
gastro-intcstinal disorders described in this 
paper Moreover although the gastric 
motility investigations are conducted under 
controlled conditions with an empty 
stomach they are not continued until such 
1 time as the patient complains of hunger 
As a further control whenever possible we 
use intravenous drugs for immediacy of 
action so that if a motility change is ob- 
sened it will have been clearly due to the 
drug action Control injections such as 
intravenous saline have not altered gastric 
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motility if administered during a period of 
hypermotility due to pathologic lesions, 
such as biliary colic or pylorospasm 

Dr Stuart C Cullen (Iowa City) 

I should like to ask Doctor Hamilton if be 
has used a combination of drugs simul- 
taneously, such as morphine and atropine 
together? 

Dr Frank E Hamilton (Columbus, 


closing) Yes, we have used morphine and 
atropine, together in the usual preoperative 
dosage of 1/6 gram of morphine and 1/150 
grain of atropine or |4 gram morphine and 
1/100 gram of atropine Following such 
an injection, gastric hypermotility is ob- 
served The hypermotility is as a rule, 
less marked than when morphine is ad- 
ministered alone, but a definite period of 
gastric hypermotility usually follows the 
injection of morphine and atropine 


PERITONEAL FLUID IN PERFORATED PEPTIC ULCERS 

Charles RI Henry, M D 
Detroit, Mich 


There is fairly general agreement that 
mtra-abdommal infection is the chief cause 
of death following perforation of a gastric 
or duodenal ulcer This is borne out by 
a series of 98 individuals who have had 
simple closure of perforated ulcers at the 
Receiving Hospital during the past two years 
Of these, ten died and eight were autopsied 
Six died of severe, acute diffuse peritonitis 
and two had large intraperitoneal abscesses 
The time interval between perforation and 
operation varied widely m this group, rang- 
ing from two to 48 hours 

Our observations on a number of pa- 
tients who have had simple closure of per- 
forated ulcers, have convinced us that chem- 
ical irritation of the peritoneum is of 
relatively little significance m influencing 
the general mortality as compared with 
bacterial contamination 

Swab cultures of the peritoneal fluid m 
67 cases were productive of bacterial growth 
in 43 instances and negative m 24 From 
34 cases, both a swab and a larger specimen 
usually 3 cc were separately cultured m 
each case This was done to determine if 
dilution might be responsible for some of 
the negative cultures Twenty-seven of the 
3 cc specimens gave bacterial growth but 
only 1 9 of the swabs were positive 

More recently, colony counts have been 
made on agar plates inoculated with 3 cc 
of peritoneal fluid In the few cases studied 
there has been a general parallelism between 
the duration of the perforation the volume 
of fluid, and the number of organisms per 
cubic centimeter 

The bacterial organisms most frequently 
recovered at operation have been in order of 


frequency Streptococcus vindans non- 
hemolytic streptococci, staphyloccocci, and 
B colt 

The assumption that bacterial growth is 
modified by gastric secretion implies that 
there is a high concentration of gastric 
hydrochloric acid at the time of perforation 
Our results show that the hydrogen ion 
concentration of the gastric contents at the 
time of operation is low The individual 
pii values varied widely ranging from two 
and one-half to eight most being between 
pit four and eight Furthermore, we have 
in almost every case obtained bactenal 
growth from the gastric contents at the 
time of operation 

The nature of the fluid in the peritoneal 
cavity was of interest to us because of its 
relation to bacterial growth To our sur- 
prise, we found that in almost every case, 
the peritoneal fluid was neutral, with a pH 
very close to seven The chloride content of 
each specimen was uniformly that of blood 
plasma The plasma-like character of the 
peritoneal fluid was constant regardless of 
the duration of the perforation or the vol- 
ume of fluid in the peritoneal cavity 

In summary, we find that micro-organ- 
isms arc present in the peritoneal cavity very 
shortly after ulcer perforation The gastric 
acidity IS low at the time of operation and 
bacteria arc to be found in the gastric con- 
tents The peritoneal fluid at operation has 
an hjdrogcn ion concentration and chloride 
content approaching blood plasma Thus 
we find no evidence which uould indicate 
modification of the actuit) of bacterial 
growth by gastric contents or b) peritoneal 
fluid 
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ALBERT S CRAWFORD 

CIRCULATION OF THE SMALL INTESTINE 
A Comparison of Man with Laboratory Animals 

R J Noer, M D 
Detroit, Mich 

Trom Uk Dciurtmenl of Surgerj, \V-i>ne Universitj College of Aleclicme Detroit, Mich 

Detailed studies of the distribution dog and man differences so great as to make 
of the superior mesenteric vessels and their the dog inadvisable to use as an cxperi- 
branches have been made in the following mental animal for studies on the effect of 

animals Man dog cat rabbit opossum distention on the blood supply of the human 

raccoon and a species of kangaroo The intestine Some of the other species show a 
vessels have been injected avith liquid latex greater resemblance but the search is being 
and the specimens then fixed and cleared continued in an effort to find a laboratory 
by a modification of the Spalteholz technic animal more comparable to man in this re- 
These preparations clearly demonstrate dif- spect in order that experimental data may 

ferences in the intestinal blood supply of be better evaluated 


NERVE COMPRESSION SYNDROME AND SURGERY FOR A 
CERTAIN TYPE OF SCIATIC NEURITIS 

Albert S Cranford, MD 
Detroit Mich 

From the Neutosuigicnl Dnision, Henry Ford Ilospitnl Detroit Mich 

THE CHIEF PURPOSE in presenting this a prominent but not ruptured intervertebral 

paper is to call attention to a certain group disk or hypertrophic arthritis (3) abnor- 

of patients who have suffered for at least mally dilated lumbar veins accompanying 

a number of months from a sciatic neuritis the nerves into the foramina and (4) ad- 

which in our experience has been found hesions to a nerve from previous inflamma- 

to be due not to a ruptured intervertebral tion or subarachnoid alcohol injection The 

disk or to hypertrophied ligamenta subflava important feature seemed to be the com- 
but rather to encroachment upon the nerve bination of tavo or three of the encroach- 

or nerves by one or several of the other ing factors as avithout this there might have 

anatomic structures adjacent to the inter- been chances for compensatory relief from 

vertebral foramina the pressure or irritation To designate 

We have reviewed 42 consecutive cases this group of cases vve have been using the 

upon whom laminectomies were performed term Nerve Compression Syndrome 

and who have been followed for a period of In our experience this latter group of 
from six months to three years after opera- cases has differed from those due to ruptured 

tion For this paper we have focused our interv'crtebral disks in that the history of 

attention on (1) the type of lesion found trauma has been less definite and the roent- 

(2) the extent of exploration which was genologic evidence with air or lipiodol has 

performed and (3 ) the end-results been less clear-cut The history of persisting 

In this group vve found only 25 per incapacitating pain the objective evidences of 

cent due to ruptured intervertebral disks sciatic neuritis and the changes in the total 

and in only 7 per cent was the etiologic fac protein of the spinal fluid have been about 

tor apparently thickened ligamenta subflava the same in the two groups 

In the remaining 68 per cent vve found The extent of operative exposure that 
the compressing or irritating factor to be was necessary depended upon the findings 
one or several of the following structures With a localized protruded portion of rup- 

(1) A narrowed intervertebral foramen (2) tured disk a limited exposure usually suf 
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ficed But if this was not found wc con- 
tinued exposure of the nerves involved, 
until we were certain that all possible 
compressing factors were removed even in- 
cluding removal of overhanging borders of 
facets at the foramina In our experience 
thus far, it seems that the end-results were 
better where this more extensive exposure 
was made 

The end-results in this group thus far 
have been very satisfactory as judged by the 
patients own estimate of percentage of re- 
lief of symptoms Thus far, the only poor 
results were with ruptured disks and of 


these, two were definitely psychoneuroscs 
associated with compensation 

In summary, wc wish to call attention 
to a group of patients with sciatic neuritis 
which seems to be due to a combination of 
pressure and irritative factors other than 
protruded intervertebral disks and hyper- 
trophied ligamenta subflava 

Wc propose the term ‘ Nerve Compres- 
sion Syndrome' for this miscellaneous 
group We advocate adequate surgical re- 
moval of all or sufficient compressing fac- 
tors More time must pass before we can 
evaluate with certainty the final end-results 


RETROPERITONEAL HEMORRHAGE 

With Special Reference to the Accompanying Paralytic Ileus 

John E Karabin, M D 
Evanston III 


Retroperitoneal hemorrhage may 
be due to traumatic and nontraumatic 
factors It is invariably associated with a 
paralytic ileus Among the more common 
traumatic factors are direct injury to rctro- 
pentoncal tissues, fractures, and operative 
trauma Of the nontraumatic causes rup- 
ture of an abdominal aorta and spontaneous 
perirenal hematomata were most frequently 
encountered 

Several unusual cases of retroperitoneal 
hemorrhage were observed at the Evanston 
Hospital The first case was a retroperi- 
toneal hemorrhage folloaving an appendicec- 
tomy The source of the hemorrhage was 
the lateral ascending branch of the deep 
circumflex artery This vessel is frequently 
encountered and often traumatized in the 
course of an appendicectomy through a 
McBurney s incision Ligation of this ves- 
sel IS adaised 

The second case was a retroperitoneal 
hemorrhage into the broad ligament fol- 
lowing a \aginal hysterectomy Recovery 
occurred in both cases but only after stormy 
postoperatn c courses due to paralytic ileus 

Seven cases are reported of patients who 
died of ruptured abdominal aorta rctro- 
pcritoneally The clinical findings in these 
patients were quite similar to those of 
retroperitoneal hemorrhage from other 
causes The syndrome often simulates a 


peritonitis Severe abdominal pain followed 
by circulatory collapse marked pallor, and 
often a palpable mass with abdominal ri- 
gidity arc early findings Later, within 24 
hours to five days after onset of pain a 
paralytic ileus develops Roentgenogram of 
the abdomen reveals the aneurysm in 75 
per cent of abdominal aneurysms 

Patients with perirenal hematomata had 
renal pain, signs of hemorrhage and a 
palpable tumor 

Treatment of the retroperitoneal hemor- 
rhage depends upon the cause Prognosis 
was better in the traumatic group 

Paraljtic ileus was found frequently fol- 
lowing a retroperitoneal hemorrhage The 
mechanism of the reflex seemed to be due to 
a paralysis of the splanchnic and parasym- 
pathetic systems and not a stimulation of 
the splanchnic system alone 

Whatcaer the explanation of the phjsio 
logic processes involved may be the condi- 
tion IS quite serious Wangensteen suction 
and occasionally enterostomy hav'e been 
necessary for relief of the ileus Evacuation 
of the hematoma onlj in those conditions 
which allowed this procedure is recom- 
mended Ligation of the abdominal aorta 
for aortic ancurjsm before hemorrhage oc- 
curs should be attempted in selected cases 
In anj case the prognosis should be guarded 
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THE PATHOGENICITY OF THE BACTERIA OF APPENDICITIS 

PERITONITIS 

'William A Altemeier, M D 
Ctncmnati, Ohio 

From the Department of Surgery of the University of Cincinnati, College of Medicine, and the Cincinnati 

General Hospital 

Peritonitis secondary to acute per- istence in the peritoneal exudate, their com- 

forated appendicitis is rarely caused by a sin- posite virulence was greatly increased Equal 

gle type of bacterium On the contrary or smaller doses of the mixed cultures usually 

the bacterial flora of the peritonitis exudate produced extensive areas of cellulitis with 

IS mixed and varied and any of the intestinal gangrene and overwhelmingly fatal periton- 

bacteria either aerobic or anaerobic, may be itis The synergistic effect produced by these 

found ^ groups of bacteria was repeatedly demon- 

In this communication the pathogenicity strated 
of these bacteria for experimental animals Symbiosis in disease has attracted rela- 
has been studied The majority of the tively little attention in medicine and surgery 

aerobic strains tested produced minor local The fulfillment of Koch s postulates by a 

lesions or cellulitis when injected subcutane- single species of bacteria is generally re- 

ously but their intraperitoneal injection usu- quired for the establishment of the etiology 

ally failed to cause a fatal peritonitis The of disease In discussing the role of C 

aerobes capable of producing a fatal pen- welchn in appendicitis Jennings,® in 1923 

tonitis included some strains of B colt, believed that C welchu infection occurred 

B pyocyaneus and B alkaligenes Twenty- as a rule, in symbiosis with a number of 

one strains of B colt avere thus tested and other bacteria The experiments of Wein- 

threc of these were quite virulent producing berg Prevot, Davesne and Renard * in 

large areas of cellulitis and rapidly fatal 1928 suggested the possibility that not only 

peritonitis The remaining 18 produced appendicitis but also peritonitis was the re- 

minor local subcutaneous lesions but no suit of the combined action of bacterial 

fatal peritonitis mixtures After studying the pathogenicity 

The virulence of the aerobic bacteria par- of B colt nonhemolytic streptococci and 

ticularly B colt for guinea-pigs and rab- C welchn in pure and mixed culture 

bits could be greatly increased by the coin- Meleney Olpp Harvey and Jenn® clearly 

cidental intraperitoneal injection of many demonstrated the synergistic activity of these 

particles of autoclaved sterile tissue through three symbionts in peritonitis In our ex- 

a large-bore needle Similar observations periments these findings have been sub- 

had been made by Halsted - working with stantiated and a similar accumulative action 

the Staphylococcus of many more species of aerobic and an- 

Many of the anaerobic organisms were aerobic bacteria has been shown These 

difficult to cultivate in pure culture By experiments give credence to the previous 

using deep tubes containing brain broth and observations that the clinical course of the 

a small amount of blood a fairly good illness was much more serious if more than 

growth was usually obtained under strict one type of intestinal bacterium was present 

anaerobic conditions The majority of the in the peritoneal exudate than if only one 

anaerobic bacteria investigated did not pro- was present 

duce a fatal peritonitis with the exception In summary an analysis of the literature 
of hemolytic streptococci B thetoides, and and our experiments indicates that appendi- 

B fragtlts The B melaninogentcum fre- citis peritonitis is usually a polymicrobic 

quently found in our series^ of peritonitic infection caused by the synergistic pathogenic 

exudates, was very difficult to separate from action of a group of bacteria existing in a 

an anaerobic Streptococcus with which it state of symbiosis Correlation of clinical 

was frequently and intimately associated It and experimental studies shows that in 

was found to be relatively nonpathogenic general, the greater the number of intestinal 

If several or more species of these bacteria, bacterial species present in the exudate, the 

found in a given case of peritonitis were greater the severity of the peritoneal infec- 

mixed and cultivated, simulating their ex- tion is likely to be 
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Discussion — Dr Roy McClure I 

should like to ask Doctor Altcmeier whether 
be has done any work in connection ivith 
sulfanilamide or its derivatives, and whether 
it has any specific action with this group 
of bacteria that he has shown us 

Dr \V a ALTEMEIER (Cincinnati 
closing) I have not done much work with 
the sulfonamides in relation to peritonitis 
except on a group of rabbits m which I 
injected lethal amounts of similar mixed 
cultures to those shown on the slides If I 
injected sulfanilamide coincidentally with 
the mixed cultures, the animals were saved 
in a large percentage of the cases — some 75 
per cent, as I remember If the injection 
of the sulfanilamide was delayed as long as 
four hours after this particular mixed cul- 
ture was injected, the animals never sur- 
vived In the control animals 100 per 
cent of the animals would die after the in- 
jection So the evidence that I had pointed 
to the fact that in rabbits, sulfanilamide, if 
administered at the time of the injection or 
shortly after, protected the animals in a large 
percentage of the cases if delayed, it failed 
to protect them 


TISSUE REACTIONS TO SUTURE MATERIALS 
A Preliminary Report 

J Slattliews Tams, MD 
Ann Arbor, Mich 

Trom the Department of Surger%, Umiersitj of Jliclugan, Ann Arbor, Mich 


Methods of Study — A senes of ex- 
periments have been carried out utilizing the 
anterior chamber of the rabbit s eye in an 
effort to standardize the effects of trauma, 
tension, and hemostasis The fact that the 
anterior chamber of the eye is an excellent 
culture medium is apparent from the ease 
with which tissue cultures and experimental 
neoplasms may be grown in this site 
Small segments of suture material placed in 
the anterior chamber may be observed grossly 
through the transparent cornea, and cell 
counts made of the aqueous humor at vary- 
ing intervals ma> be taken as a quantitative 
index of the reaction One centimeter seg- 
ments of catgut, silk, stainless steel wire 
njlon, silkworm catgut, and ordinary spool 
cotton haic been placed in the anterior 
chamber under aseptic technic 

In an effort to determine whether catgut 
might possess antigenic propensities another 
senes of animals base been sensitized to 


sheep serum and catgut introduced into the 
eye subsequently Employing the usual 
hemacytometer, cell counts have been made 
at varying intervals and cultures of the aque- 
ous humor taken 

Results — ^Thc marked difference in the 
reaction between the absorbable and non- 
absorbable sutures is strikingly apparent 
when this method of study is employed In 
general, the reaction to silk is \ cry minimal 
For the first seven da) s there is practically no 
reaction and by the fourteenth day counts 
on the fluid have ateraged 250 Icukocjtes 
per cubic millimeter The reaction to ordi- 
nar) spool cotton is similar However it 
has been noted that the cotton has less of a 
tcndenc) to untwist Although perhaps not 
significant, the cell counts have averaged 
somewhat less In certain animals, these 
sutures have been allowed to remain for the 
period of one year u ith no apparent harm 
to the c)c whatever The reaction to stain - 
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less steel wire cin senreely be measured The 
vision of the eye is not impaired and cell 
counts made on the aqueous humor have 
averaged from five to ten leukocytes per 
cubic millimeter However when catgut is 
placed in the eye the aqueous humor be- 
comes completely opaque in about ten days 
and the animal loses its a'lsion completely 
Prom outward appearances the anterior 
chamber is filled avith pus Cell counts of 
this fluid vary from 2 000 to 6 000 
leukocytes per cubic millimeter Cultures 
in every instance both in blood agar and 
beef broth have been negative 

In the group of animals in vv'hich sensi- 
tization to sheep serum has been carried out 
precipitin studies have demonstrated the pre- 
cipitins in concentrations from 1 to 50 000 
One tenth of a cubic centimeter of sheep 
serum subsequently introduced into the eye 
gives a marked inflammatory reaction char 
acterizcd by edema and the coagulation of 
exudate in the chamber in a very few hours 
Likewise segments of catgut placed in the 
eye of a scnsiti/ed animal produce a similar 


severe reaction which has been interpreted as 
the Arthus phenomenon The nonabsorb- 
able sutures such as silkworm catgut do not 
produce this reaction in sensitized animals 
Reaction to plain catgut is estimated to be 
twice as great as to chromic catgut Like- 
wise the Arthus phenomenon produced 
with plain catgut grossly is more severe 
than that from chromic catgut 

SUMMARY 

Preliminary studies indicate that the an- 
terior chamber of the eye is a suitable me- 
dium for observing the reaction of tissue to 
suture material Sutures may be introduced 
with a minimum of trauma standard con- 
ditions arc provided gross observation may 
be made continuously and quantitative cell 
counts may be made on the aqueous humor 
A most striking difference in reaction is ob- 
served when nonabsorbable sutures are com 
pared with catgut Catgut apparent!) 
possesses antigenic propensities inasmuch as 
the Arthus phenomenon has been produced 
in animals sensitized to sheep scrum 
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THE COOPERATION BETWEEN THE ARMY SERVICES OF 
EVACUATION AND HOSPITALIZATION^ 

H H M Lyle, MD 
New York, N Y 

An active, intelligent cooperation predicates a basic knowledge of the 
objects desned, the mechanism by which they are to be accomplished, the 
type, chaiacter and training of the personnel to be employed, and an estimate 
of the piobable difficulties that will be encountered 

It has been said, that the Army must change its tactics every ten years oi 
suffer defeat Since the last war, mihtaiy tactics have undergone momentous 
changes The present war has become one of mechanization and movement 
The speed of the attack, the greater use of automatic weapons, combined with 
the moral and physical threats of an an plane attack, has greatly increased the 
difficulties of the Medical Department Undoubtedly, the bi unt of these diffi- 
culties will fall upon the collective, evacuation, and advance hospital services 
Though the technic of triage, surgical management, and evacuation will 
necessarily be adapted to recent tactical concepts of mechanization and move- 
ment, the principles governing these matters will i emain unchanged 

In the last war, the theater of military operations assumed the traditional 
fan-shaped pattern, the greater activity being in the penpheiy of the fan In 
shaip contrast to this old pattern, the present mihtaiy activities extend from 
the firing line to the home and beyond In addition to this change of pattern, 
the tempo of all military activities has been speeded up The attack is now 
designed to destroy the nation’s vital lesouices before its full power can be 
mobilized, thus the defense of the home sectoi presents the Medical Depart- 
ment with a new problem It is fan to assume that the Army staff has already 
worked out a master plan to meet such a situation Have we as a body of 
surgeons given thought to such a possibility, ha^e we consideied how w'e can 
cooperate ? 

The first pimciple of military stiategj^ is to assume the worst possible 
conditions, and then plan to meet them It seems self-evident, that the onlv 
way to covei the medical situation aiising in c. total attack w'ould be to 

* Read before tlie American Surgical Association, White Sulphur Springs, W Va , 
‘Vpril 29, 1941 
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niobili/e the suigical and allied piofessions for the duration of the war The 
acceptance of nationalization in such a crisis should become a duty and a 
piivilege foi us all 

An open slashing attack will have to be met by an equally mobile defense 
It can be readily seen that the increased use of automatic weapons will lead 
to a moie extended firing line, and every foot of extension will add to diffi- 
culties and dangers of the divisional collecting service Some of these units 
will have to be furnished with protective atmor, and the foiward evacuation 
service will have to be provided with a motor equipment that can negotiate 
the roughest terrain 

In all probability, there will be an insufficient number of regular medical 
officers to fill all the executive surgical positions, and many of our piofession 
will have to be assigned to such positions If they aie to function efficiently 
m the Army zone, they must have an elemental y knowledge of what the 
mihtaiy authorities expect of them 

Piofcssioml Pccuha) itics — All physicians, by the nature of their calling, 
aie individualists Much of oui time and energ)' is devoted to making our 
patients follow orders Subconsciously, we assume the attitude of command 
and without knowing it we become benevolent martinets In all fairness to 
the lank and file of the profession, it must be confessed that the same tendency 
has been encountered m the professoiial lanks and this often in a distinctly 
unphable form 

The active surgeon enteis the service as a tried veteran in his life’s uoik 
Herein lies his advantage and his great military value His surioundmgs 
have changed, but not his work The civilian surgeon, anxious to give his 
best, must slough off the attitudes of the lone wolf and the commanding 
general, and cheeifull) accept the vital militaiy principle of coordinate control 
The intelligent practice of this pi inciple will unconsciously smooth out man} 
lough spots in his adjustments to the new life The mastery of this piinciple 
will automatically increase his sui gical and military value, but aboc e all it will 
eniich his own and his corps moiak iMorale though intangible is the very 
soul of a successful ai my 

A study of what happened to our wounded m the Civil War shous m a 
most lemaikable mannei how history repeats itself In the eaily years of the 
Civil War, the evacuation seivice was woefully inadequate m oiganization, 
equipment, and personnel Veiy little improvement occuired until Letteiman 
came on the scene By 1864, the gieat value of a well-equipped evacuation 
seivice had been learned, and we find General Grant crossing the Rapidan 
with an Aimy of 73000 men and 500 ambulances, that was one ambulance 
for eveiy 146 men If the First Aimy of the American Expeditionai y Foices 
had anytliing like such a propoition, what a joy and a blessing it would have 
been 

The Fust At my Meusc-A) goniie Off^cvsive — The Fust Army contained 
more than 1,031,000 men This is the largest single Army that the w'oild 
has evei known When the battle opened Septembei 26, 1918, the Aimy 
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had 400 ambulances Faced with such a shoitage, it was vital that plans be de- 
vised to keep every wheel moving In order to make the medical transpoi tation 
liquid, all trucks, ambulances, motorcycles, etc , were pooled and placed undei 
the control of the ambulance director The results obtained bore out General 
Sherman’s famous dictum "The moie simple the principle, the more likelihood 
of detei mined action ” 

From a military standpoint, the caie of the lightly wounded and their 
piompt return to their own combat units is a matter of paramount importance 
Personnel trained under fire are of far gi eater value to a commanding general 
than raw replacements fiom the depot General Sherman was so convinced 
of this, that he earned many of this type of wounded m his wagon trams m 
prefeience to hospitalising them 

The expel lence of the last vai taught that 20 to 25 per cent of the wounded 
bi ought to the evacuation hospitals could be letmned to duty m less than a 
week, and an additional 20 to 30 per cent who pass through the evacuation 
hospital will be able to return to duty within ten to 12 days The first group 
will consist of the exhausted, the pseudogassed, and the lightly wounded 
This group should be promptly evacuated to the neaiby Army convalescent 
hospital and from theie to the Aimy leplacement depot for foiwaidmg to 
their combat units The second group should be evacuated to the neaiest 
geneial hospital m the zone of communications, with the express purpose of 
their prompt return to then combat units The remaining wounded should 
be evacuated to the zone of the interior 

Evacuation Hospitals — ^The evacuation hospital is the pulsating heait of 
the evacuation system, and it is the direct responsibility of the surgical directoi 
and the surgical teams to see that a bottleneck does not occur If you have 
evei had the misfortune to see one of these bottlenecks, you will never forget 
It They did occui 

The evacuation hospital service must plan foi the piompt clearing of the 
incoming ambulances with the exchange of splints, stretchers, blankets, etc , 
and be prepared in a like mannei foi an outgoing evacuation Gieat delay 
was expeiienced at some of the Army hospitals due to the poor provisions 
made foi this essential service The ambulance diivers weie quick to sum 
up the efficiency of the hospitals m tei ms that were endearing and othei wise 
They alluded to the hospitals as the outfits of Longshanks, Fats, Slats, Valen- 
tino, and Weasel Face Perhaps some of the meinbeis can identify one of our 
honoied Fellows, who boie the endearing title of Longshanks 

The Handling oj the Lightly Wounded in the Ainiy Hospitals — The 
evacuation service of the Aimy felt keenly that entirely too many unoperated 
cases neie evacuated In the fiist phase of the offensive 11,370 men, sup- 
posed!) simple cases, were potential sources of trouble, through the possibility 
of then wounds becoming infected Repoits from the rear soon showed that 
our feai s were well-gi ounded 

This pool operative output was due to the inexperience of many of the 
teams in this field of work, and to the inherent difficulty of making profes- 

163 



H II M LYLE 


Aninis of SurKcn 
Atikust 11)41 


bional men think of the wound in teims of mihtaiy value, lather than in terms 
of piofessional interest In the majoiit)' of evacuation hospitals, the organi/a- 
tion and facilities foi handling this important class of W'ounded were veiy 
defective The chief suigeon of the Aimy, realizing the urgenc}' of the situa- 
tion, instituted radical changes in the handling of the lightly wounded The 
lightly wounded w'ere letriaged, assigned special roentgen ray equipment, 
special operating looms, special suigical, splint, and anesthesia teams Experi- 
enced surgeons of good judgment who thought and acted quickly were 
selected The slow' caieful operatois weie assigned to other types of cases 
The new'ei anesthetics, w'ell-selectcd, will be a ■veiy impoitant factor m facilitat- 
ing this important w'ork 

IJw Lightly Wounded Pi oduction Line — This line w’as opeiated on the 
system of thiee to foui tables to a suigeon Its piactical value soon became 
appaient In the second jihasc of the offensive, only 293 unoperated cases 
were evacuated The peifection of this method was due to Lt Colonel Geoige 
Davis, of Chicago, and his able assistant, the late Majoi Shei hondy Some of 
the teams cleared So to 100 and moie cases in then shifts Colonel William 
Darrach w'as energetic in spreading the gospel of this method and in this he 
was ably suppoited by Lt Colonel Marshal Clinton The surgical staff of 
the First Army can justly feel proud of the result obtained It has not been 
matched in our Aimy, 01 in any of the Annies of our Allies 

Every evacuation hospital should be simply but adequatelv equipped and 
Its peisonnel thoioughly tiained in the functioning of the lightly wounded 
pi oduction line The fiist requisite is an ample floor space Dinkj' little 
tiailer and automotive operating 100ms aie next to useless, and not w'orth 
the gas they use If suitable space is not obtainable in permanent buildings, 
expel leiice has showm that there is nothing better than well-ai ranged tentage, 
m fact It is ideal foi the smooth functioning of the lightly wounded pi oduc- 
tion line The roentgen ray and stei ilization equii^ment can be of the automo- 
tive or poi table types, 01 a combination of both In this w'ay, the pi oduction 
line can be geaied to meet any situation Simplicity, direct action, and co- 
ordination are the di iving jiow'ei of the line 

Liaison — One of the most difficult ambulance pioblems in the big offen- 
sive IS to insure an even distiibution of the w'ounded to the Aimy hospitals 
Its solution IS only possible w'hen theie is tbe closest active coordination 
betw'een the directoi of the corps ambulances, the diiectoi of the Arni}' ambu- 
lances, and the evacuating officei of the Army hospitals Foitunately, in the 
First Army, this 1 elation was intimate The technical w'oikmg from the side 
of the Army w'as facilitated, as one individual w'as the consultant in surgeiy 
foi the First Army, and in addition he held the intei locking positions of 
director of the evacuation of the wounded and the diiector of the Aim}’’ 
ambulances 

The sound judgment the tiieless eneigy, and the splendid wdiole-hearted 
spirit of coordination displayed by the divisional and coips ambulance diiec- 
tors made the seemingly impossible, possible Ceitain definite hospitals w'eie 
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assigned by the chief surgeon foi the wounded of each coips In the mam, 
this was a wise piovision, but there weie times when the Aimy found it 
necessary to make a lapid leadjustment to meet the exigencies of the moment 

All deficiencies m divisional ambulances were filled up thiough lending 
sections to the corps, and in addition a section from the Aimy reset ve was 
attached to each coips They took cate of its local emergencies The mam 
Army ambulance reserves were parked in echelon The first, one hour from 
the line, the second, two hours fiom the line In this way, the reserves could 
be readily shifted from one corps to anothei as the cii cumstances lequired 

Secondaiy Duties of the Amhulatice Sovice — A maintenance of a motor 
couriei seivice for liaison purposes, the lationing of the French trains, daily 
forwarding of medical supplies, etc , wei e pei foi med by the ambulances return- 
ing to the front Some of the evacuation hospitals and special hospitals 
entered the Army without motor transpoit These had to be moved and 
serviced with medical supplies, rations, fuel etc , and in a few cases with 
watei , the transportation of surgical teams, nui ses, and medical personnel, 
baggage, etc Foity-thiee hundied passengeis were carried during the 
offensive 

Road Conti ol m Refeicnee to the Evaettahon of the Wounded — In the 
Army zone, certain roads were assigned to the division, the corps, and the 
Army The type of transpoi tation and its direction were undei the immediate 
control of the military police, and their word was law Daily reports of the 
roads to be used, their condition, danger zones and maps, indicating all 
changes m position and direction, weie furnished the ambulance director 
(See “The Report for the Evacuation of Wounded m the Meuse- Argonne 
Offensive ”) 

Directional Signs foi the Evacuation Hospitals and Then Impoitance — 
The name of the hospital with a directional airow should be displayed in 
large plain letters on a sign of adequate size These signs should be placed at 
key points along the corps and Army i oads The signs should be illuminated 
at night, so that the ambulance driver will know at a glance where he must 
go Driving without lights on a dark rainy night, along unknown roads, is a 
difficult and uncertain task In the early phases of the offensive, until the 
road control was perfected, the lost and wandering ambulance with its load 
of wounded was demoralizing 

The Bedevilment of the Ambulance Diiveis and the Mixing Up of the 
Coi ps W ounded — In the opening days of the offensive, a few overenthusiastic 
commanders of evacuation hospitals, without authority, placed road signs 
directing the ambulance drivers to their hospitals Unfortunately, they did 
not confine their activities to their own corps area, nor did they consult the 
military police, in fact they successfully succeeded in throwing a monkey 
wrench into the evacuating system which led to the overcrowding of certain 
hospitals The bedeviled ambulance drivers were like lost souls, trying to 
find a resting place for the weary wounded Fortunately, the mix-up did not 
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last long, the militaiy police chscoveied the tiouble, and piomptly ripped 
down eveiy iinaiithoi ired sign 

Cousuliauts — It is impeiative that the consulting seivice should piepare 
definite plans well in advance of any offensive They should weigh carefully 
the eflfect of their policies on the serMce of evacuation and hospitalization It 
IS extieinely difficult for the civil surgeon, without military expeiience, to 
giasp how' closely these tw'O sei vices are integiated and what a confusion can 
he caused by last-minute changes The surgeons w'lth a few alert medical 
men grasped this principle and put it to practice, wdiile othei medical con- 
sultants pieferied to sleep and dream Some of them are still sleeping 

Till’ A) Illy ConsuUaiit — The Arm}' consultant must be more than an 
individual diagnostician and his vision must not be dimmed b} the eyeglasses 
of specialism He should he a suigeon of fiom 40 to 45 years and no older 
Men of moie mature yeais w’lth active minds and vision should be attached 
to the zones behind the Army as general consultants Here their talents w ill 
be of greater value to the w’ounded A knowledge of the 1 udimcntary mili- 
taiy piinciples w'lll enhance value of all consultants 

In the First Aimy, the consultants endeavored to bring into the office of 
the chief surgeon infoimation that w'ould be of value to him m the improve- 
ment of the professional cai e of the w ounded and, at the same time to furnish 
him W'lth the detailed information legarding the proper care of the patient in 
the divisional and coips areas 

The repoits showed that theie w'cre considerable differences m the evacua- 
tion time of the divisions, that is, the time that elapsed between the wounding 
of the patient and his reception in the Army hospitals The reports from the 
Army hospitals show'cd that the best lesults in cutting down infection and 
saving life w'eie obtained by those divisions w'hich, in spite of all difficulties, 
managed to get their cases back in good time The marked difference be- 
tw'een some of the divisions was due to the fact that theie w'as a tendency in 
certain of them to hold the case foi operation The condition of the roads 
failed to explain the maiked discrepancy betw'een the divisions There w'ere 
ceitain divisions w'hich from the moment they entered the Army area till the} 
left, managed to get then cases back on time 

Special Sitigical Hospitals — Experience had taught the First Army that 
It was impracticable, w'astetul, and harmful to attempt to triage selected 
wounded for individual specialty hospitals In ordei to function efficiently, 
these hospitals had to be piovided w'lth a special evacuation service The 
Army evacuation service, faced with an acute ambulance shortage, felt that 
such a waste of ambulances was not justified To still the persistence of a 
well-meaning consultant, w'ho desired the establishment of a specialty hospital 
a tentative trial w'as undei taken by the chief surgeon of the Ai my It proved 
to be a miseiable failure In the zone of communication and the inteiior, 
the separate specialty hospital is a very valuable asset, but in the combat zone, 
it IS simplei and moie practicable to install special opeiating teams in the 
evacuation hospitals 
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The Hospitalization of the Nontianspoi table Wounded —Experience 
showed that large hospitals weie not necessary A small hospital of about 
50 beds and two surgical teams is all that is required provided the hospital 
IS strictly limited to this class of wounded The hospital should be located 
close to the divisional triage centei so that the direct letteiing of the wounded 
IS possible 

In the laiger hospital, theie was a distinct tendency by ambitious surgical 
teams to fill the empty beds with operative cases In fact, some of the units 
became baby evacuation hospitals and the clearing of these hospitals added 
another unnecessary burden to the overwi ought motoi transport of the fiont 

The present surgical hospital has 400 beds They aie assigned one per 
fiont-line division and they are placed in immediate suppoit of the divisional 
dealing station As they are not motoi ized, the Army furnishes the tians- 
port In the last w^ai, this high-sounding phiase was heaid not infrequently 
by the evacuation service It w^as a headache and meant “Geoige, you do it 
And Geoige had “to do it 

The Peddling of the Wounded — No well-organized evacuation hospital 
should ever refuse admittance to the wounded To force the ambulance diivei 
to peddle the innocent wounded is a detestable practice We considei it the 
lowest form of the abuse of power 

CONCLUSIONS 

(i) The basic principles of all military suigeiv is debridement Chemo- 
therapy and immobilization 111 plaster are adjuncts The moie extended 
use of the roentgen ray and the employment of the new'ei anesthetics 
should greatly extend the usefulness of the military surgeon (2) An efficient 
evacuation and hospitalization is the backbone of all treatment , without it, 
surgery is hamstrung (3) On the pioper triage, adequate motoi tianspoit, 
and the wnll to see it through rests the success of the evacuation of the 
wounded Undoubtedly, a w’ell-developed airplane transpoitation will become 
a veiy valuable asset (4) The evacuation of the wounded will always be a 
difficult and complicated task of great responsibility As surgeons, it should 
be our duty and our pride to see that the stream of wounded flows steadily 
onward wathout a check (5) As individuals, we are apt to be dogmatic, and 
It IS difficult for us to accept the principle of coordinate control 

I am convinced that we all can profit by Oliver Cromwell's admonition 
“My brethien b}'^ the Bowels of Christ I beseech you, bethink you that j'ou 
may be mistaken ” 

Discussiox — Dr Morris K Smith (New York, NY) Doctor L3le speaks with 
particular authority on the subject about which he has addressed us After holding 
various posts of increasing responsibility m the last war, he was, during the Meuse- 
'krgonne offensive, director of ambulances and evacuation of the wounded and chief 
consulting surgeon of the First Army In this campaign 126,000 sick and W'ounded W'ere 
evacuated to the railhead hospitals I would urge that those of you w'ho maj' be an- 
ticipating service in the front areas, should we enter this war, studj' thoughtfullj' what 
he has to say 

It appears inevitable that campaigns characterized by the increased mechanization 
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and inobilitv that has so far marked the present conflict should offer new and more 
difficult problems m the eeacuation and hospitalisation of the wounded What little I 
have been able to find m the hteratuie on the subject emphasizes an increased need of 
coordination in the medical services and a greater supplj of ambulances The under- 
b'lng principles of efficient evacuation and prompt and competent handling of the wounded 
man remain the same, howeeer lo these ends, Doctor Lyle’s experience affords valu- 
able lessons 

The civilian surgeon who finds himself in front area field ser\ice in war has to 
realize that evacuation of sick and wounded rather than treatment is his primar\ respon- 
sibilitv In times of activitj its smooth functioning is dependent on w’cll-coordinated 
efforts from regimental medical service down the line It is important that the supph 
of ambulances be adequate and efficientlj utilized 

At the evacuation hospitals, a blockade can easily arise Doctor Lvle stresses jiar- 
ticularlj the importance of separate teams, with their own assignment of roentgen ray 
equipment and operating units, for the handling of the light! v wounded This facilitates 
prompt treatment and rapid turnover for this large group yvho are, as he points out, from 
the Armj standpoint the most important, because of the possibility of their earlj return 
to duty To this end, thej should he cyacuated to ncarbj convalescent and replacement 
areas rather than to distant hospital centers 

Doctor Ljle has found siiecial surgical hospitals m the front areas impracticable 
He also feels that front area units for uontransportable yvonnded should be small 

In the hospitals, ysell ayvay from the combat area, yyhere continued treatment of the 
sick and yvounded is planned the erstyyhilc ciyihan surgeon yvill find ne\y problems yyliich 
yyill challenge his professional skill, because the types of injury yyill be different from 
those to yyliich he is accustomed at home But, none the less, he yyill be m an hospital 
enyironment, his familiar yyorkshop In the front areas, he must adjust himself to 
greater changes There the problem is collecting, sorting out, and sending on the 
yyounded and sick In the eyacuation hospitals, the surgeon yyill be doing primarv sur- 
gical treatment but he must cope yyith the reception, handling, and eyacuation of large 
numbers of patients in the shortest possible time Careful phnnmg and disciplined per- 
formance of duties are essential 

Dr WiiLiAyi Darrach (New York, NY) I should like to speak on the treatment 
of compound fractures but, unfortunately I hate another thought yyliich I yyant to empha- 
size, and that is that if we are going to Inc up to the function of the Medical Department 
yve haye to be hard-boiled The function of the Medical Department is to maintain the 
fighting strength If yye are going to Inc up to that, yve should concentrate our major 
efforts on those yyounded yvho can be and niaj be returned to the fighting forces 

That means that all the special groups, the highlj trained and efficient compound 
fracture surgeons, the maxillary, the head surgeons, the chest surgeons, the bellj sur- 
geons, belong not to the main function of the Medical Department, but to their secondarv 
purpose of humanitarian care of those yvho are severely yvounded and yyho neyer yyill 
go back We cannot omit handling those people, because part of our duty is to maintain 
the morale If yye yyerc strictly hard-boiled, yye yvould pav attention only to the lightly 
yyounded We must paj some attention to the severely yvounded, but thej should be 
of secondarj importance Therefore, I think that if the idea that yvas carried out in a 
small wa>, but sufficiently to proye that it can be done, by Joe Day is and Sherbondj and 
one or tyvo other attempts, yvherebv the hghtlj yvounded can be handled at the rate of 
fiy'e or six an hour, instead of one case per hour, as most of us yyere doing on tlie 
heavier cases, yy’cre really carried out yve yvould find that our Aledical Corps yvork yy'as 
more efficientlj done, and yve yvould restore more men to the fighting forces 

I had one brief experience of almost eight hours of doing this yvork yvith the British 
Qearmg Station No 47 In taking these lightly yvounded cases, yve could do about 
four or five an hour there, but the next day the commanding officer came around and 
said, “I am sorrj', but this is not done in the British Armj,” so yve stopped 

Again, in the first corps, there yvas an excellent plan made for putting an Eyacua- 
tion Hospital up fairlj close, yvhere the lightlj' yy'ounded could be handled at this rate 
of rapid production and kept in that area and sent back, but unfortunately for that 
scheme Armistice came along and spoiled it I yyould like to see that scheme put into 
effect, and that the major function of the Medical Department be recognized as restoring 
the fighting forces 
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THE DIAGNOSIS AND TREATMENT OF CARDIAC TRAUMA’^ 

Daniel C Elkin, MD 
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Although the suture of heart wounds is classed as an attainment of 
modern surgery, a kno^^ ledge of their fatal outcome, if untreated, has been 
lecognized from the earliest tunes For the student interested m the histoiy 
of cardiac surgery, an interesting point of departure would be the Iliad and 
the Odyssey, for the Homeric stories abound with lefeience to cardiac 
wounds Hippocrates’^ realized their fatal nature, as did Pare,“ who described 
them, but made no suggestions legarding their treatment 

Boerhaave'’ stated that all wounds of the heai t were mortal Hunter made 
no mention of the subject, and John Bell,^ in his “Discomses on the Nature 
and Cure of Wounds,’ devoted only two paiagiaphs to the subject, although 
he recognized the signs and symptoms of the condition and cited two patients 
ttho lived several hours, who might well have been saved by operation He 
thus discussed the subject “There is so little to be done and the signs 
and consequences are so clear, that it were a w'aste of tune to speak longer 
of w'ounds of the heart ” Billroth,^ who dominated the surgery of his day, 
wrote (in 1875) “Paracentesis of the pericardium is an operation which, in 
my opinion, approaches very closely to that kind of intervention wdiich some 
surgeons w'ould term a prostitution of the suigical art and other madness” 
He did add, prophetically, “Pei haps another generation will think otherwuse 
about It ” As late as 1896, Stephen Paget’* w'rote “The surgery of the heart 
has probably reached the limits set by nature to all surgery , no new method 
and no new discovery can overcome the natural difficulties that attend a wound 
of the heait ” 

Two figures stand out because of their disagreement wuth these pessimistic 
pronouncements, Morgagni" who, in 1761, showed that blood m the peii- 
cardium compressed the heait and embanassed its mo\ements, and Baion 
Lariey® (Napoleon's great suigeon) Avho decompiessed a w'ounded heart by 
diamage, and wdio demonstiated by experiments on dogs that these injuiies 
w ere not necessarily fatal 

Modern surgery of the central circulatoiy sjstem began with Robeits'' 
(1881), who suggested that w'ounds of the heart be sutuied Block’” (1882) 
successfully sutured the heaits of rabbits, but de Vecchio ” (1895) deserves 
greater credit for demonstrating to the Eleventh International Aledical Con- 
gress, at Rome, the healed wound in a dog’s heart Mb thin a year the human 
heait w^as sutured by Cappelen’- (Septembei, 1895), by Farina” (March 
1896), and Rehn” (Septembei 1896) Rehn’s patient survned By 1909, 

*DeInered on the occasion of the receipt of the Matas Vascular Surgerj Auard, 
Tulane Universitj, New Orleans, La, November 14, 1940 
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Peck^’" uas able to collect i6i eases tieated suigically, with a nioitality of 
63 pel cent PooP'’ (1912) added 79 cases, with a moitality of 49 pei cent, 
SmitlP" (1923) collected 25 cases, with a inoilality of 36 per cent, and 
Bigger*® (1932-1933) added 70 instanees, ^Mtl^ a moitality of appioximately 
30 pel cent 

The percentage of repoited lecoveiics is unquestionably too high, because 
of the fact that many single, favoiahle cases have been lepoited, wheieas 
those ending fatally are not so likely to be iccorded At any rate, the per- 
centage of lecoreries is at the piesent lime at least 50 pei cent, vhereas only 
10 pel cent of the untieatcd cases icpoited by Fischei®” (1868) lecoveied 

Incidence — Wounds of the heart aie lelativel)' rare In southern hos- 
pitals they compiise about o i of i pei cent of patients At Emoiy Uni- 
versity, 2 pel cent of the penetiating wounds of the chest injured the lieait 
Considciing its su'e and exjiosed position, it is surprising that it is not iiioie 
frequently injured If those patients were consideied wdio die of homicide, 
suicide, and accident, hut nevet leacli the operating 100111 or the autopsy table, 
it IS piobable that tlie peicentage w'ould be much higlier klorcovei, the 
diagnosis is fiequently overlooked, and patients may die without surgical 
mtencntion wdio might othciwisc have been saved bad early diagnosis been 
made and pionipt suigical intcivention undei taken lhat cardiac wounds 
are moie fiequent than is genet ally supposed is evidenced liy the cver-mcreas- 
mg numbci that are leported At Eniot}’' Unucisity, the number of patients 
treated for w^ounds of the heart has inci eased steadil) each yeai since 1930 
This is meiely another evidence of a bcttci ability to diagnose the condition, 
since tlie numbei of cliesl injuiies has decreased 

Mode of Injuty — Foi the most pait, penetiating w'ounds of the heart aie 
pioduced with homicidal or suicidal intent, and, theiefoie, knives, ice-picks, 
and pistols aie tlie most frequent w'capons with w'hicli tlic injuiy is inflicted 
In addition, the heart may be w'ounded in ci ushmg injuries 01 by its accidental 
penetration by glass and splinteis as a icsult of automobile accidents Aside 
from penetiating w'ounds, contusions of the heait, fatal 01 nonfatal, may 
occui In any event, early diagnosis and ticatment is necessaiy since delay 
is rapidly fatal 

Caidicic Tamponade — Rapid changes in piessuie relationships, paiticu- 
laily WMthm the pericaidium, affect the filling and emptying of the heart and, 
if unielieved, will quickly bring about a standstill of the cardiac mecbanisin 
The diagnosis of acute caidiac compression, the removal of its cause, and 
the jirevention of its recuiience, is the basis for the tieatment of caidiac 
mj tines 

Normall}'^, the mtiapeiicaidial jtiessuie is less than that of the atmospheie, 
and the pressure 111 the mtiathoracic poitions of the venae cavae is piobably 
negative With the lapid accumulation of fluid m the peiicardium, as from 
pus 01 blood, the venous pressuie rises, and after it reaches a height sufficient 
to overcome the inci eased intiapericardial resistance, blood enters the heart, 
and the circulation continues Normal^, the venous piessuie ranges betw^een 

170 



Volume 114 
> umber 2 


CARDIAC TRAUMA 


75 and 120 Mm of watei In rapidly inci easing accumulations of fluid, the 
peiicaidmm cannot distend sufficiently noi can the venous pressuie use to 
such a level as to allow the filling of the heait foi any length of time Hoii- 
evei, I have noted a \enous piessuie as high as 400 Mm of watei m acute 
compi ession of the heai t, and have seen this pressiu e maintained for as long 
as 30 minutes without a fatal result Wheie the tamponade of the heart is 
giadually pioduced (serous effusion), the peiicardium is slowly distended 
and a high venous pressure will maintain the cii dilation foi days 

Acute tamponade leads to cerebial anemia, for the heait can no longer fill 
Release of tamponade is, therefore, a mattei of first impoitance, and demands 
immediate tieatment The symptoms aie a low or unobtainable arterial 
piessure, a high 01 using venous piessure, and a quiet heart The pulse is 
weak or absent, and the veins, particularly those of the neck, are piominent 
and strutted Because of the venous stasis there is a maiked cyanosis of the 
lips and tongue 

Diagnosis — Because of its position in relation to the anteiior chest wall, 
a wmund of the right ventricle is more fiequent, but w^ounds of all four 
chambers as w’^ell as those of the mtiapeiicardial poitions of the great vessels 
may be encountered The exact location of the wmund can only be surmised 
before operation, since symptoms from bleeding or tamponade wull be the 
same, regardless of the location Death may occur from lapid loss of blood 
eithei into the chest 01 to the outside, but death is moie likely to occur as a 
lesult of tamponade 

The history is usually characteristic Theie is fieedom fiom symptoms 
foi seveial minutes aftei the mjuiy, followed by exhaustion, and then loss 
of consciousness Eithei stupor 01 wild delirium may follow Patients have 
been known to walk seveial blocks or to continue fighting for as long as 
five minutes after a wmund of the heart Bleeding is piofuse at fiist, but soon 
stops This tram of symptoms is due to a rapidly inci easing tamponade 
When the heart is wounded, it bleeds fieely to the outside and usually into 
the pleural cavity as \vell At the same time, some blood collects in the peri- 
caidium and when 100 to 200 cc have so collected, the heart becomes com- 
pressed Conti actions become w^eak, and bleeding to the outside stops With 
the rise in intiapericardial pressure, the venae cavae can no longer convey 
normal quantities of blood to the heart, and cerebral anemia, as evidenced by 
unconsciousness, lesults 

The position and dnection of the wound may aid in diagnosis, but the 
couise of a bullet, or even a knife thrust, is notoriously misleading, although 
those near the left of the sternum from the second to the fifth mtei spaces are 
most apt to mjuie the heart 

Accuiate diagnosis, above all, will depend to a laige extent upon the 
Resident Staff, who must be tiained to be evei on the aleit not only to recog- 
nize symptoms of caidiac tiauma, but to suspect eveiy chest injury as a poten- 
tial heart wmund All too fiequently, wmunds considered inconsequential 
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may latei piove to be fatal This is paiticulaily tuie in a case wlieie an ice- 
pick lias caused the wound 

The skin is usually cold and moist, and because of the venous congestion 
theie IS a cyanosis of the lips and tongue J he heait sounds aie weak, often 
niegulai, and the pulse is weak oi imperceptible 

The aiterial pressure is loweied, even unobtainable, and the venous 
piessuie IS raised as evidenced by piomment, strutted veins, paitieularly those 
of the neck By dnect measuiement, this piessure is fiequently above 200 
Mm of watei, and a use to 300 Mm of water is not unusual Such a pressure 
IS consistent wuth life if not maintained foi too long a petiod Venous pressuie 
leadings should he obtained by the direct method of inserting a needle into a 
basilic vein and noting on an attached manometer the height at which a column 
of physiologic salt solution is maintained The patient s body should he hori- 
zontal, and the vein should he on a level wnth the heart 

Roentgenogi ams are of no value, since death may occur from an amount 
of blood m the peiicardial sac too small to cause a noticeable change m the 
si7e and contour of the heait shadow' Fluoioscopic examination, as showm 
by Bigger^*’ is of great value, since the normal pulsations aie prevented by 
a small accumulation of blood in the peiicaidial sac Of all the diagnostic 
aids, this IS the most accurate m piovmg 01 dispiovmg ones suspicions of 
caidiac tamponade It had best he undertaken with the portable fluoroscopc, 
foi w'lth this unit the patient need only he turned on his side foi examination 

To summarize 

(1) There is usually a history of fieedom from sjmptoms for several 
minutes after the w'ound has been lecened, followed by rapid collapse and 
unconsciousness 

(2) Heart sounds aie w'cak, as is the pulse 

(3) The aiteiial pressuie is low'eied 

(4) The venous piessure is raised 

(5) Fluoroscopic examination show's a quiet heait 

Opeiation should be cairied out as soon as the diagnosis is established 
To hasten and facilitate this, all necessaiy instruments should be kept ready 
m a separate contamei Since infection of the peticardium and pleura is a 
frequent complication, meticulous care m pieparation and technic should not 
he sacrificed foi speed and haste While preparations are being made, suffi- 
cient morphine should be administered to insure rest and quiet The head 
should he loweied and the body kept w'arm Theoretically, intravenous infu- 
sions are of little value so long as tamponade is piesent, but where excessive 
hemoiihage has occuried, it is indicated The administration of a 6 per cent 
solution of acacia may he life-saving, and autotransfusion of the blood le- 
moved during the operation should be citiated and administered w'hen pos- 
sible Blood tiansfusion should he undertaken as soon as possible after the 
lelease of the tamponade Foi this pin pose the “blood bank” is an invalu- 
able aid 

Anesthesia — Inhalation anesthesia is piefeiahle to local anesthesia foi 
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seveial leasons The pletiia may have been opened by the wound, oi may be 
accidentally opened dui mg the operation, and nitrous oxide and oxygen under 
positive piessuie is necessary foi the inflation of the lung The difficulties 
of lieait suture require that the patient be quiet, but these patients aie usually 
wildly excited or are apt to become so with release of the tamponade, and 
unless completely anesthetized their stiuggles may inteifeie with the opeia- 
tion at a most inopportune time 

Stihoe of the Heait — The incision should be so planned as to give the 
best exposme with the least tiauma It must also be made with some con- 
sideiatioii as to the position of the external wound Although the pleuia is 
usually injuied wdien the heait is w'ounded, furthei teaiing of this membrane 
should be a\oided if possible, foi it adds greatly to the shock of the patient 
Foi that leason dissection of the pleura fiom the peiicaidium is best begun 
m the fourth oi fifth left interspace because of its lateral leflection at that 
point It IS this leflectioii to the left Avhich leaves the peiicaidium uncov- 
eied by pleuia at that point and so facilitates an extiapleuial approach to the 
pericardium It is of importance to remembei that the costomediastinal 
lines of pleural leflection vary gieatly, thus, eithei the left oi light pleura 
may cioss the middle of the sternum (Fig i) In a composite study of 
anterioi pleuial maigins, Vosnitch was able to outline a small tiiangle of 
safety wheie the peiicaidium w'as uncovered by pleura This lies behind 
the sixth left costal caitilage and sixth interspace (Fig 2) 

Unless the skin w^ound is well to the light of the steinum, the approach 
to the heart should ahvays be made on the left, and the incision should be so 
planned that it can be readily enlarged if the heait wound is not easily 
located With these factors 111 mind, experience has shown that a long 
transveise incision extending well acioss the sternum gives the best exposuie 
(Figs 3 and 4) By this approach one 01 two iibs can be removed, and, if 
necessaiy, the adjacent costal cartilages cut and a poition of the steinum 
removed The pectoralis major muscle is separated in the direction of its 
fibers and can easily be reti acted from the surface of thiee ribs Dissection 
should begin well out on the rib, which can be easily lifted from its periosteal 
bed and cut without injuring the pleura By lifting the 11b, the cartilage can 
then be lemoved wuth less dangei of injury to the pleuia than if the caiti- 
lagmous portion is lemoved first The internal mammary vessels aie ligated 
and cut, the triangularis muscle is divided, and the pleuia is displaced outw'aid 
by careful gauze and finger dissection 

A second incision, and one giving excellent exposuie, consists of turning 
a musculocutaneous flap lateially and removing tw’^o 01 moie costal cartilages 
and ribs (Fig 5) It lequires moie time to open and close the chest wall 
and IS moie likely to induce shock 

The incision should lie planned to secure the best exposuie m the quickest 
time and wuth the least shock The median sternotomy (Du\al-Barasty) 
(Fig 6) gives excellent exposuie to all the heait and the gieat vessels, but 
splitting the sternum lequires a gieat deal of time, as does the closuie of 
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the wound, and is productive of shock It is mentioned only to condemn it, 
since m cases of seveie hemoirhagc oi inci easing tamponade the patient 
w^ould not likely suivive such a pioceduie 

The inteicostochondial thoiacotomy (Spangaio) offers a lapid approach 
to the heait but not a paiticulail}'' good evposuie It can be enlarged by 
cutting 01 removing the caitilagcs above and below the incision and by re- 
moMiig a poition of the steimim 



1 IG I — TUc -vnatonHC rcl aions in the interior niednstmnm 

The peiicaidium wall be tense, bulging, and blue, and its pulsations wall 
be weak and impel ceptible If the wound in the peiicaidium is seen, it 
should be enlarged, oi, if not readily found, it is opened between stay-sutmes 
of silk (Fig /) Occasionally, the heait w'ound can be located befoie the 
blood and clots aie lemoved and before the heait staits bleeding profusely 
If it IS not immediately seen, the blood and clots aie leinoved by suction 
When the mtiapencaiclial piessure is relieved, the bleeding becomes marked, 
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Tig 2 — Dniinnirmtic representation of the lines of pleural leflection lower figure 
shows the trnngle of safeti (Matas) 



1 ir 3 Showing the transver'.e incision the removal of two ribs, and exposure of the pericardium 
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as the conti actions of the lieait inciease in foict When tlie wound is 
located, and it is most often found in the light ventiiclc, its closuie is facili- 
tated by placing the left index fingei ovei it In this way the bleeding will 
he impeded sufficiently to allow the jiassage of a sutuie directly undet the 
finger This is left untied foi the moment and is held m the left hand for 
traction and hemostasis while othei sutures ai e placed and tied They should 
pass evell into the substance of the muscle, but not into the chamber of the 

heart Fine black silk on curved calix-eye 
needles is the material of choice Fleait 



Tic 4 — PTtitnt showing a hcilcd trTns\crsc 
11101*^1011 


muscle IS extremely friable, and for this 
leason, the fingei should not he placed 
ill the wound, and sutuies should be tied 
with only enough tension to approximate 
the edges (Fig 8) 

Should the w'ound he behind the ster- 
num oi on the posteiior sui face of the 
heait, a stay -sutuie passed thiough the 
apex, as advocated In Ballance and b) 
Beck, mat be of great value, for In this 
means ihe hea’t may be rotated into such 
a position that the wound mav be more 
easily sutuied (Fig 9) 

JVouiid^iii Special Positions — Wounds 
of the auiicle bleed with great rapiditv 
and aie moie difficult to close because of 
the thinness and fi lability of the mus- 
culatuie in this location Occasionally, 
a clamp, such as that used by Tiendelen- 
burg in closing the pulmonaiy artery 
may be applied directly o^et the wound 
and the hemorrhage controlled until su- 


tures can be taken (Fig 10) If possible, sutuies should not be earned into 


the chambei of the auiicle because of the danger of an intra-aui iculai clot In- 


ti apencai dial w'ounds of the great vessels wall pioduce the same symptoms of 
tamponade as wounds in the heart muscle itself They, too are difficult to close 
because of the thinness of the stiuctuies If the w'ound is in the pulmonary 


aiteiy or aoita, the hemonhage may be checked by passing the Tiendelenburg 
piohe behind them and thus impeding the flow of blood until the sutures can 
be placed (Fig 10) Injuiies to the coionaiy vessels may requne ligature 
but are not necessaiily fatal I haie found it necessary to ligate a major 
coronal y vessel in thiee instances All three of these patients suivived, 
showing that tins is not necessaiily fatal Electiocaidiogiaphic tiacings m 
these patients show the typical findings of myocardial infaiction Where 
bleeding is so profuse that the wound cannot be located, it is sometimes 
necessaiy to lesoit to the proceduie of Saueibiuch In this, the venae cavae 
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are giasped between tlie nncldle and iing fingeis of the left hand, and the 
first finger and thiimli aie left fiee to compiess the caidiac muscle (Figs 
II and 12) Needless to say, such a eomjnession can he earned out foi only 
a few minutes Duiing the eouise of any eaiduie opeiation the heait may 
fihrillate oi even stop beating, especially when ti action is applied, or direct 
compression oi kinking of the gieat vessels is employed Should this occui 



the operation should be momentaiily stopped until normal conti actions aie 
resumed The injection of one cubic centimetei of i i,ooo solution of 
adienalin dnectly into the heait muscle is fiequentl)' of value m lestoiing 
contractions Gentle massage by piessuie between the index finger and 
thumb will likewise often restore the heai t beat 

Aftei suture and control of the hemorrhage, the pencaidial cavity is 
cleansed by suction and flushing with salt solution The pencaidium is 
loosely closed with interrupted sutures of silk, leaving sufficient space between 
the sutuies for the escape of any fluid which may accumulate Occasionally, 
the heart dilates to such an extent that complete closuie of the peiicardium 
is impossible The muscle, fascia, and skin are then closed without drainage 
After operation the patient should be placed in an oxygen tent Fowler’s 
position will usually facilitate bieathing Morphine should be administered 
111 sufficient amounts to insure rest and quiet 

Since the pleura and lung aie often injuied at the time of the heart 
injury, hemopneumothorax is frequently present If its extent is such as 
to cause embari assment of lespiiation, aspiration of the chest should be 
done, but in the absence of symptoms it is better to allow absorption of the 
air and blood 

P)ognou <; — Immediate piognosis depends laigely on tbe inteival between 
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ihe injuiy and the opeialion Delay may cause death from hemonhage oi 
tamponade oi Iroth It likewise depends upon tlie ehaiactei and extent of 
the injuiy, a bullet usually eauses tw'o W'ounds, wnlh greatei hemonhage 
and tissue loss, and is lapidly fatal l-’ostojjerativc ])iognosis is largel}"^ 
dependent upon infection Puiulent jiencaiditis is apt to follow^ these 
w'Ounds, w'hich aie necessarily contaminated and which may carry with them 
hits of clothing or othei foieign matciial Pneumonia resulting from lung 
injuiy, 01 as a pait of the gcneiali/ed infection, ma} hkewnse follow' 

1 hii ty-eight patients wnth heai t w'ounds have been opei ated ujion by me 
or my Resident Staff (Fig 13) Of these, 22 leeoveied and none of them 
ha\e any lesidual symptoms ref ei able to the injury All wounds w'ere pro- 
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cluced by knife oi icc-pick except one (Case 37), which was caused hy a 
bullet In no instance uas o]ieiation not undcitaken because of the patients 
condition This means that in scvcial instances the condition of the patient 
was so seiious that theie was piactically no hope foi reco^ely No patients 
were opeiated upon m which the diagnosis was found to be inconect, but 
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Tir 13 — Comiiosite picture showing the ^ppro\lTnate location of the heart 
wounels reported in this paper 


it is only fair to say that some patients may have died with cardiac wounds 
upon whom operation was not performed In two patients operated upon 
death occuired because of unnecessarily delayed operation, the result of 
failure of eaily diagnosis There was one death from a postoperative 
hemorrhage due to the failure to ligate propeily the internal mammaiy 
artery The mortality rate m this series of 38 cases has gradually deci eased, 
due, I believe, to the alertness of a Resident House Staff m establishing the 
diagnosis early and to bettei teamwoik both at the operation and in post- 
operative care The position of the light ventricle, occupying the greater 
pait of the anteiior poition of the heait, accounts for the fact that 14 of the 
38 injuiies weie in that chamber That ten of these patients survived is 
probably due to the fact that the right ventricle is easier to approach and 
sutuie While pericardial adhesions undoubtedly form after these injuries, 
they aie not of such a chaiactei as to produce symptoms cither by constric- 
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tion 01 by inci easing the woik of the hcait That an aheady damaged heart 
can nndeigo consideiablc opciative niter feiencc has been sliown in those 
patients opeiated upon foi coionaiy occlusion and foi cardiac constriction 
One of the patients in tins senes bad been tiealcd picviously for myocardial 
failuie He lecovered following the sutuie of a wound of Ins heart and is 
alive tw'o yeais aftei the operation (sec Tables I, II, and III) 

Cauiiac Riiptuic and Co)ilii^w)i — Another type of cardiac injury w'hich 
undoubtedly occuis wnth gi cater frequency than is generally supposed results 
from crushing wounds, usually fiom automobile accidents Many are imme- 
diately fatal and are due to riijituie of the heait, lungs, oi great vessels as 
a result of compiession of the thoracic Mscera or penetration of the heart 
by bioken iibs oi sternum lliight and Reck-’ collected 176 instances of 
injury to the heait follownng pcnetiatmg wounds of the chest, and have 
called attention to this tjjie of injury as a common, though frequently over- 
looked, cause of death 

Ceitainly, theie is no reason to believe that tlie heart, situated as it is 
betw’een the steimim and the spine, is not subject to contusions of consider- 
able seventy, noi is there anj leason to believe that recovery does not take 
place m the majonty of instances Other organs, notably the kidnejs, are 
frequently the lecipient of contusions fiom which they completely recover 
The most common cause of such an injury is an automobile accident, in which 
an individual is suddenly thiowm forw'aid against tlic steeimg wdieel Ibe 
sternum and ribs inaj'' be broken, and then ends directly injure the heart, or 
the sudden compiession of the heart may injuie it although a break has not 
occurred (Fig 14) 

One can only speculate as to the exact nature of these injuries or as to 
the mannei m which they aic produced In those patients wdio survive there 
IS piobably a contusion of the heait muscle with some hemorihage into the 
myocai diuin, or gi oss henioi i hage into the pericai chum 

Little attention has been paid to nonpenefiating beait lesions which are 
not fatal Any patient wdio is struck m the chest must be suspected of such 
an injuiy, particulaily if such symptoms as piecoidial pain, dvspnea, and 
tachycardia aie present Peisistence of these symptoms, together wuth irregu- 
larity of the heart, cyanosis, and a peculiar “tick-tick” quality of the heart 
sounds, makes the diagnosis almost cei tain 

Cases of this kind give rise to speculation as to the eventual outcome, 
and laise many difficult medicolegal cjnestions Cardiac neuroses and malmg- 
eimg must always be consideied, especially wdieie the piedominating symp- 
toms develop followung an injury to the chest in a patient pieviously w^ell, it 
must be assumed that the symptoms are the result of that injtiiy 

The tiealment is entnely symptomatic The chief reliance is to be placed 
on moipbine and sedatives foi quiet and lest, and on oxygen for dysjmea 
and cyanosis Digitalis may be given but is of doubtful value Above all, 
a patient with even a suspected cai diac lesion should be confined to bed until 
all symptoms have subsided 
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Tahli II 

C.\USI or DIATII 

No of 
Cases 


Hcmorrliai,e 6 

Pericarditis infection 3 

Pneumonia 4 

Emphysema i 

Tamponade 2 

Total i6 


Iviiii III 

I OUT ION OI WOUSll 


Aorta (intrapcricardial) 

Pulmonary arterj (intrapcricardial) 

Right auricle 

Left auricle 

Right and left auncic 

Right \ cntriclc 

Left ventricle 

Right ventricle and coronarj 


No of Pats 

Cases Rcco\ 

2 I 

1 0 

t> 4 

3 2 

I o 

I t 10 

b 1 

1 2 


Totals 
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AN EFFECTIVE INIETHOD FOR THE DE^^ELOPMENT OF 
COLLATERAL CIRCULATION TO THE MYOCARDIUM* 

PnXKR Hl.INBnCKDR, M D , 

AND 

Wi^sDRi A Barton, M D 
St I ouis. Mo 

ntOM TIO I)HM1TM>NT <)l SUlirno « KSIIINCTOS USI\ J IlSm RCIIOOL OF MIDICINF \M) TIIF IIMINF-S IIOSIITAl 

HT I/JUIS MO 

A method for the development of collateial eii eolation to the dog heatt 
was described previous!)' by Heinbecker and Baitoip (1940) Micro- 
scopic studies and perfusion experiments demonstiated that by it an appar- 
ently satisfactoiy collateial circultion could be established The present 
communication presents evidence that the collateial circulation so pioduced, 
can prevent the fatal ventnculai fibrillation as well as the gross myocardial 
infarction which are so fiecpicntly encountcied aftei the occlusion of laige 
branches of the coronary artciies 

The problem of securing a functional test of the efficacy of collateral cn- 
culation to the heart is a difficult one Buichell- (1940) recently, and others, 
previously, have summaiized the results of ligation of the mam branches 
of the coronal y arteries in animals by various operatois The results have 
been highly variable both as icgards suivival late and the degree of myocardial 
infarction Any attempt to measuic the value of a collateral cii dilation by 
determining the mortality rate after ligation of any of the major coronaiy 
branches w'ould requiie the use of a laige number of animals, 111 oidei to 
allow' a statistical compaiison of the results with the bettei results leported 
by pievious opeiators Fortunately foi oui pin pose, no one bas found it 
possible to achieve suivival m the normal dog following complete ligation, 
at one sitting, of both branches of the left coronary arteiy neai then points 
of origin It was decided, therefore, to apply this test to the collateral circu- 
lation established by our method It follow's that any survivals fi om such a 
test would ow'e their existence to the beneficial effects of the established col- 
latei al cii culation 

Picwnt Method fo> P) odnewg Collatoa! Cii dilation to the Ai vocaidtnin — 
Oui present method foi producing the collateial cn dilation to the heait 
involves the intioduction into the peiicaidium of an iriitating mixture which 
causes an adhesve peiicarditis At the same operation, the peiicaidium is 
attached by sutures to the retrosternal tissues The pioceduie diffeis slightly 
from that wdiich w'e have previously desciibed, in that a mixture previously 
prepared is used as an iriitant instead of a number of separate ingredients 
This mixture can be inserted into the pericardial sac thiough a relatively small 

Presented by title before the American Surgical Association, White Sulphur 
Springs, W Va , April 28, 29, 30, 1941 
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MIXTURE TO PRODUCE PERICYRDI4.U ADHESIONb 


Commercial gelatin 32 5 Gm 

Aleuronat 32 S Gm 

Starch 50 q Gm 

Glycerin 275 0 Cc 

Water 200 0 Cc 


Put gelatin, aleuronat, starch, and glycerin into a container Add boiling water and 
stir over bath 30 minutes When the paste is smooth, add 32 5 Gm liomte No 60 and 
stir until thoroughlv mixed The mixture is semisohd at room temperature, semihquid 
at 38° C 

hole by a gi ease-gun Avith a long curved nozzle which can be directed to all 
paits of the enclosed cavity Aftei the matenal ib introduced, the pericar- 
dium IS closed and sewed to the letrosternal tissues by foui interrupted silk 
sutures 

Expeitments to Test the Efficacy of the Collateral Cuculation — Foui- 
teen animals weie piepaied m the above manner Foui to 12 weeks after the 
fiist operation, the animals W'ere again operated upon and silk ligatures weie 
applied to the anterior descending and to the left circumflex aiteries about one 
centimetei fiom the aorta Eight ot the 14 animals died m a few minutes, 
death always occuiring after the second of the two arteries was ligated The 
lemaining six animals, howevei, toleiated this operation well and they lived 
m appaient good health for one to thiee months (Table I) At the end of 


Table I 


Dog No 

Date of 
R<?tablishnient 
of Collateral 
Circulation 

Date of 
Coronary 
Artery 
Ligation 

Date ot 
Autopsy 

Findings 

B2 

3/13/39 

6/ 5/40 

7/24/40 

Left anterior descending and left 
circumflex arteries and accompany- 
ing veins ligated 

No gross infarction of myocardium 

84 

12/22/39 

3/13/40 

6/ S/40 

No gross infarction of myocardium 

77 

I 2/1 S/39 

6/ 5/40 

7/24/40 

No gross infarction of myocardium 

72 

12/12/39 

6/ S/40 

7/24/40 

No gross infarction of myocardium 

6S 

12/ 1/39 

6/ 5/40 

7/24/40 

No gross infarction of myocardium 

46 

4/24/39 

9/23/39 

1/ 4/40 

No gross infarction of myocardium 

this period, they were sacrificed to obtain pioot of the adequacy of the liga- 


tions Autopsy levealed that the arteiies and their accompanying veins had 
been completely ligated in all six animals Examination of the heart mus- 
culature showed an absence of gross infarction Microscopic sections re- 
vealed a well-developed pericarditis and heait musculature which appeared 
normal except for scarring m the immediate vicinity of the ligatures (Fig i ) 
The anterior descending and left circumflex branches of the left coronary 
artery of 14 contiol animals weie ligated in the same manner In all in- 
stances death, due to ventiicular fibi illation, occurred within three to fi\e 
minutes In 50 pei cent of the cases, fibrillation developed after the liga- 
tion of only one aitery 

Relative Importance of Extiinsic and Intimsic Collate) als In ii dogs, 
the mixture was inserted into the peiicardial cavity and then a large sheet ot 
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tcllophaiie was placed lietwccn tlic pencaiduim and the ictiostcinal tissues 
It was held in position by a few inlciiupled silk siituies In none of these 
aniinalb i\eie adhesions found, suhsequeiilly, between the jiei iiaidiuni and 
letrosteinal tissues Aftci a pciiod of one to thiee months, nine of the 



Tir j — (A) PholotiHcrogr of iicnc-vraivim o\cr ^^Ucnor «.«rfice ot llic left \cntncle of 
Dog No 1*77 nfter c-'libli^linieiU of -i(lliesi\c pcriconlitis ind alticlimcnt of i>cncnrilium to 
rctrostennl tissues Note large lilooU \esstls S«r\i\ il after ligation of both liranclits of the 
left coronars artcrj near tlieir origin (XjB) 

(B) Pliolomicrograiih of heart muscle of left \ciitriek of Dog No P7g 2 cm distal to the 
points of ligition of anterior dtsccndtng and circiimflc\ hraiichcs of left coronarj arterj near 
their origin, tvitli survual Note its normal structure (X390) 

animals wcie operated upon again, and an attempt made to ligate the anteiior 
descending and left circumfleN blanches of the left coronary arteiy one 
centimeter fiom their points of origin All the animals died promptly from 
ventriculai fibrillation, often after ligating only one of the aiteries The 
remaining two animals were sacrificed without ligation of coionar} arteries 
and the collateial circulation injected with India ink in the manner previously 
described (Heinbecker and Barton, 1940, loc cit^) In both of these ani- 
mals many capillaries, filled with ink, were visible in the pei icai dial adhesions 
but the inky fluid did not fill the cavity of the ventricles, as is customary in 
animals where the pericardium also has been attached to the letrosternal tis- 
sues This IS regarded as evidence that the degiee of collateral circulation 
is much less in such animals than in those in which adhesions with retro- 
sternal tissues are also piesent 

Discussion — It is thus possible to pioduce a collateial circulation to the 
myocaidium of the dog, which is adequate to prevent the degiee of ischemia 
which invariably results in ventriculai fibi illation and death when the two 
mam left coronal y branches aie ligated Such collateral cii dilation is also 
adequate to prevent gioss myocaidial infaiction By the method employed, 
additional mtercoionaiy collateials developed by the pencarditis aie not suiifi- 
cient in themselves to pi event death from such extensive myocaidial ischemia 
To produce a really effective collateral circulation to the heart, thei e must be 

ISS 
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an extrinsic souice, and this should contain laige-sized blood vessels in which 
a high arterial pressure exists It would also seem to us an additional advan- 
tage to have such an extrinsic source remain m its normal environment 

Under our experimental conditions, the insult to the myocardial circula- 
tion of the animals was great It is piobable that the degree of myocardial 
ischemia w Inch can produce pain in man}^ may be much less It might, there- 
fore, be prevented by much lesser degrees of collateral circulation such as 
could be afYorded by the additional intercoi onary capillaries produced by 
the pericarditis itself For protection against greatei degrees of sudden 
myocardial ischemia, an extrinsic source of collateial circulation nould, doubt- 
lessly, also be lequiied Only thiough clinical expeiience can wc obtain 
actual knowledge concerning the degiee of collateial cnculation which is 
necessary to pi event pain and ventricular fibi illation which leads to death 
fiom coionai}' disease m man 

In any attempt to apply the piocedure to man, certain pioblems will at 
once arise Fust, would be the question of the safety of the mixture needed 
to produce the pericarditis Apparently, the substance used in the animals 
can be used in man In one patient, a mixtuie of aleuronat, lionite, and 
sodium moirhuate produced no disturbance of the cardiac rhythm after 15 
cc of a 10 per cent procaine solution had been pieviously placed into the 
pericardial cavity and allowed to remain foi five minutes This piehminary 
application of procaine has been advocated by Mautz" (1936) as a means of 
diminishing the irritability of the heart muscle and theieby tending to inhibit 
the development of ventriculai fibrillation In the same case, no appreciable 
degree of pericardial effusion resulted from the use of 60 cc of the material 
The possibility that a pericardial effusion might develop and lead to caidiac 
tamponade cannot be entiiely ruled out, and perhaps should be guarded 
against by incomplete closure of the pericardial sac Any leak of material 
\\ould serve to increase the adhesions between the peiicaidial sac and sui- 
roundmg stiuctures, which could only be beneficial In over 100 animals, 
in which pericarditis has been produced by the mixtuie, death fiom cardiac 
tamponade resulted only t\\ice No effort was made to diagnose or treat 
the condition before autopsy in these two instances 

In the dog, the mobility of the mediastinum is such that the peiicardium 
IS leadily elevated to the letiosternal tissues In man, such an elevation \\ill 
be possible only in cases where theie is not much enlargement of the heait 
With large, heavy hearts a limited anterior thoracoplasty might be necessaiy 
to permit approximation of the pericardium and retiosternal tissues Experi- 
ments aie now in piogess to determine wdiether or not an island of retro- 
sternal tissue, with the internal mammarj arteries running to it can be suc- 
cessfulh displaced and grafted to the pencaidium 

SLMMARN AND CONCLUSIONS 

An eftectne method of producing a collateral circulation for the dog’s 
myocardium is described 
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The effectiveness is proved by the fact that following complete ligation, 
at one operation, of the anteiioi descending and left ciicumflex bianches of 
the left coionaiy aitery approximately one centimeter from the aorta, six 
out of 14 dogs suivived In control animals, such ligations were invaiiably 
immediately fatal 

At autopsy, the heart muscle of the suiviving animals showed no gioss 
infaiction 

On the basis ol the expeiimental evidence, it is felt that, for a maximally 
effective collateial circulation to the heart the extrinsic souice should con- 
tain blood vessels of large cahbei 

The method should be appliable to the tieatment of myocaidial ischemia 
in man 
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THE TREATMENT OF VASCULAR INJURIES * 

James M Mason, MD , 

Birmingham, Alv 

A REVIEW of tlie suigical treatment of vascular injuries seems particulaily 

m 01 del at the piesent time, since we aie confionted with the possibility of 
*%■ 

entering upon another war 

It IS a far cry fioni the bow and arrow wounds of early Indian wars, 
through the musketry, rifle, and cannon-shot injmies of the Revolutionai y, 
Mexican, and Civil wais, the steel-jacketed bullet wounds of the Boer and 
Spanish- American wais, the high explosives and gas injuiies of the Woild 
Wai, to the wounds of mechanized and airplane warfaie of the present 
conflict 

Though the natuie of wounds in wars of vaiying periods has diffeied 
greatly, all serious wounds have been chaiactenzed by three outstanding 
featuies, namely, pain, shock, and loss of blood To this unfortunate combi- 
nation IS due most of the moibidity and mortality of the casualties of combat 

Tiansjnsion — The most striking advance m the surgical treatment of the 
wounded has been directed towaid the relief of shock and hemorihage, and 
has been bi ought about by improvements in tiansfusion service 

Fiom his book on Tiansfusion, published in 1922, by Dr Geoffrey 
Keynes, an honoiary inembei of this Association, I quote the following 
“During the fiist two years of the VVoild Wai almost nothing was known 
m the Biitish Army of its possibilities I have no evidence that the French 
or German Aiiny doctors weie any better informed than ourselves Some 
attempt was made, m 1916, to introduce the use of dnect transfusion through 
cannulae, but the technic was too difficult and unceitain for the stress of war 
conditions It was not until 1917, when the Biitish Army Medical Corps 
w'as being steadilj'’ leinforced with officers from the United States of Ameiica, 
that knowledge of blood transfusion began to be spi ead through the armies 

Again, concerning the vagueness of indications for transfusion, fiom the 
w'oik on Gunshot Injuries of the Blood Vessels by Major General George H 
Makins, Senioi Consulting Surgeon to the Biitish Expeditionary Forces in 
Fiance, published in 1919, I quote the following “With a moderate hemoi- 
ihage Iheie is no need to leplace the lost blood artificially If the bleeding 
has been seveie, the loss can be made good by a more easily obtamaU'* fluid, 
? r , 6 pei cent gum ai able solution A pi ecise indication as to wdien blood 
transfusion is imperative is still wanting and much to be desired jMost ob- 
servei s agi ee that a ci itical point has been 1 cached w hen the total hemoglobin 
content is as low as 30 per cent 

These comments on transfusion in the British Army in the World "'Vai 

Read before llie Anicrican Surgical Association, White Sulphur Springs, W Va , 
April 28, 29, 30, 1941 
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die in sinking contiast to tlic situation which exists in England to-day Doc- 
tni Philip Wilson, who has icccntly letuiiud to this countiy after having 
established an Aineiican Oithopedie Seiviee in London, has given an nitei- 
estmg aecoiint of the opeiation of tiansfusion seiviee in the London hospitals, 
fiom whieli I have made the following hiief extiact 

“All these hospitals are regulaily supplied with citrated blood, plasma, 
and diied serum fiom one of the four blood depots oigaiiized by a committee 
of the Medical Reseaich Council ” At the hospital with which his group was 
associated, and this is the loutme with otheis, he says “The supply truck 
called legulaily every Monday and delivered 12 half liters of blood and took 
away the unused lemamder of the blood that has been left from the previous 
week to be converted into plasma The blood supply scivice also replenished 
the stock of plasma and di led scrum and kejit it up to an agreed level 

This seiviee can be duplicated wherever there is need In the Spanish 
Civil War, similai blood transfusion centers w'ere established and transfusions 
w'ere extensively used It is estimated that 10 per cent of the w'ounded could 
be saved through this agency 

It IS safe, therefore, to claim that the soldiei who has the misfortune to 
be seiiousl}'' w'ounded at the jnesent time, has less to fear fiom shock and 
hemorrhage, by reason of the availabilitj of transfusion, than at any time in 
any previous conflict 

Cla^uficatwn ui Rcqaid to Indtcaiiou joi Ticatmcnt — In consideiing the 
indication for tieatinent, ^asallar injuries fall into thiec general classifica- 
tions 

(1) Those wdiich demand immediate repair 

(2) Those in wdiich delay at least foi a biief period is permissible 

(3) Those w’hich, for various reasons come undei observation at a late 
peiiod These will consist mainly of traumatic aneurysms and ar- 
teriovenous communications 

Hans von Habeiei has made valuable coiiti ibutions to the hteratuie of 
vascular injuiies, founded on his experience on the German side in the Woild 
War He suininanzes the lules to be follow'ed in advanced fiont line units in 
dealing wnth injuiies to the extremities as follow's 

(r) Amputation should be earned out when there is no chance to pie- 
serve the limb or its functional value 

(2) Ligation of bleeding vessels in the w'ound 01 at the site of choice 
should be practiced when restoration of the limb can be expected 

(3) When hemoirhage is not thieatenmg, it may be conti oiled by a com- 
pression bandage If an Esmaich's bandage is employed, it should 
not be left in place longer than from one to three houis 

(4) In smooth gunshot wounds without laceration of the soft parts, when 
the hemoirhage stops soon, the arteiy should not be seaiched foi but 
the w'ound should be left alone so that an aneuiysin may be forine/1 
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Contnnnng fuUhci, he says “Following the injuiy of a main aitery, in 
the dhscnte of extensive laeeiation of the soft paits the external henionhage 
may slop lapidly and spontaneously, clue to (he fact that tlie vanous layers 
have diffeient degiees of elasticity, and by then displacement, obstiuct the 
path of the hemorrhage Consequently, an hematoma forms m the soft 
jiarts and i educes fuither hemorrhage by compiession of the bleeding arteiy 
A pulsating hematoma will be produced, and it represents the pi ecursoi of a 
false aneurysm The development of an aneurysm of this type should be 
one’s aim, since its surgical treatment, earned out at least 12 days after injury 
and preferably dm mg the thud or fourth week, has proved very successful ”■* 
Venous bleeding can usually be controlled by a compiession bandage 

Delayed Opoattons — Those wdio have survived the immediate eftects of 
vascular injury and who are. m a measure, convalescent, may be evacuated 
to base hospitals where the facilities for observation and treatment are similar 
to those provided m well-oi ganized civilian hospitals 

As pieviously noted, von Haberei advises that traumatic aneurysms be 
not operated upon until the twelfth day, and, prefeiably, during the third 01 
fourth week The British and French were inclined to a longer delay 
Makins prefers a delay of tw'O 01 three months and Matas holds the same 
opinion Mont Reid'’ believes that arteriovenous fistulae should not be oper- 
ated upon for SIX months after mjuiy, and ofteis the following leasons m 
support of his opinion 

“In some cases, henionhage, increasing hematoma, infection, and. very 
rarely, acute cardiac symptoms make it necessary to opei ate soon aftei injury 
When none of the foregoing complications make operation imperative, delay 
presents the follow mg advantages 

( 1 ) A good collateral circulation develops wJiich pei mits excision of the 
fistula without feai of gangrene 

(2) The injured vessels become thoroughly healed, making then dis- 
section easier and safer 

(3) Infection is less likely to occ^r 

(4) Spontaneous healing may ta'^'^'e place ” 

Most of these advantages apply to aneuiysms Its w'ell as to arteriovenous 
(.oinmunications 

Daugos Inheicut to Ligatioa of Aitoies — In wounds of inajoi arteiies, 
the question of ligation or lepair, immediately or at a latei date, wall come up 
for consideration 

Leriche and Weiqum'’ list the distm bailees following ligation as 

(1) Mechanical syndrome, vaiying from masbive gangrene dowm to lo- 
calized necrosis in muscle causing orthopedic troubles later on 

(2) Functional disturbances, such as cyanosis, trophic disorders and 
muscular paialysis 

Ihe ideal prophylaxis against these dangers is the substitution of suture 
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foi ligaluie, which they considei geneially impossible in \\ai wounds, and 
which has limitations which we shall piesentl} discuss 

It IS obvious that ligation m the piesence of cxsangumation, wnth at- 
tendant low' blood prcssuie, vastly increases the likelihood of massive gan- 
giene, hence the necessit}' foi adccjuate transfusion for replacement of lost 
blood and foi lestormg and maintaining blood pressure 

Since many ligations aie imperative, it is important to considei recent 
experimental and clinical investigations which have dc\ eloped methods foi 
increasing then safety 

Measuies foi I no easing iJtc Safely of Ltc/altous — Gage and Ochsner," 
m a lecent papei, suggest a numbei of measures w'hich are necessary foi 
successful aiteiial ligation These have to do with the establishment and 
maintenance of efficient collateial circulation Thej aie classified undei three 
heads (i) Spontaneous w’hich occuis m ai tenovenous aneur3'sms (2) 
Mechanical, which may be accomplished bj the Matas' compressor, inter- 
mittent venous occlusion, including the Paewex machine, and simultaneous 
ligation of the concomitant vein (3) Phj siologic, which results from chem- 
ical section of the cci \ icodoi sal and lumbai sympathetics, In no\ocain 01 
alcohol block 

They were so favorably impressed with the physiologic method of pre- 
\enting ischemic gangrene in ten cases of ligation of major peripheral artei- 
les, and in foui cases of emboli in the femoial artciics, that then prefci it to 
all othei measures 

Leiiche and Wciquin” have studied the effects of aitcnal ligation upon the 
vasomotor system Accoiding to their obser\ations ‘a ligature acts as a 
seveie trauma and jiroduces leflex vasoconstiiction distallv This reflex is 
removed by resection of the obliterated length of the affected arteiy The 
reflex can also be abolished by aitcnal section between hgatuies, In peri- 
arterial sympathectomy above the lesion , by anesthetic infiltration of the ad- 
ventitious coat, by regional infiltration of the sympathetic system or by 
ganghonectomy ” 

They” advise limited lesection of aiterc' between hgatuies, maintenance of 
blood piessuie to help the lapid flow' of blood back into the limb, periaitenal 
syinjiathectoni)' above the lesion, 01 section of the legional svmpathetic 
plexus 

“It is impoitant to remembei that if infiltration is to be undei taken, it 
must be done at once Delay is fatal, because tissues die quickl) ' M'lth 
the employment of these safeguards, they hold that “ischemic gangiene should 
no longei be inevitable, and the risk attending arteiial ligatuie should be 
much lessened ” 

In keeping with what w'e have just quoted from Gage and Ochsnei 
Leiiche” says “Infiltiation of the ceivical 01 lumbai sympathetics is more 
necessary than wanning the patient w'lth cotton-w'ool or with radiant heat 
It IS not the skin that w'ants the warmth so much as the deep tissues ” 

Aitenal Sufine — Aiteiial sutuie is the ideal method of pieservmg the 
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circulation in distal paits which ligation might leoparclize Except iindci 
most favorable surroundings, m clean wounds, and, preferably, m those m 
which the tissues have completely healed, suture is prone to be followed by 
immediate thiombosis oi delayed aneurysmal formation, hence, Leriche 
points out that suture is generally impossible in acute war wounds In civil 
practice, opeiating under favoiable surroundings, and usually m delayed cases, 
suture has proven veiy successful 

Veiy little has appeared, so far, m the hteiature concerning the tieatment 
of tiaumatic aneurysms and artei lovenous communications in the piesent 
war At a later and quietei peiiod, this subject will, no doubt, leceive the 
attention which its impoitance demands 

Bumm, a German surgeon, discusses “pulsating hematomata oi spuiious 
aneurysms as a sequel to war injury” and leports seven cases fiom the pres- 
ent conflict He says “Geneially speaking, sutiiie should be attempted when 
there is danger of untoward consequences fiom ligation Sutuie is contia- 
indicated in severe infection but may be used with a high degree of safety m 
the presence of light infection provided loose tamponade is applied for the 
pui pose of di ainage 

Fiom the English viewpoint, based on his Woild War expeiiences, 
Mitchiner® wiites discouragingly of reparative vasculai suigery “Undei wai 
conditions, the results of reparative suigery on blood vessels are notoiiously 
disappointing In a certain numbei of repair opeiations which he performed, 
some two-thuds thrombosed at once, but not a hmb was lost The lemam- 
ing third maintained ciiculation Three yeais later seveial of these cases 
weie seen again All those whose vessels had thrombosed weie well and 
at woik, while of those whose ciiculation had enduied, neaily all had 
aneui ysms ” 

Hans von Haberei, whose expeiience is extensive and whose views aie 
sound, gives the following advice 

“Suture of an artery should not be perfoimed in cases in which the aiteiy 
could be ligated without damage to the nutrition and function This holds 
tine for the external caiotid and its branches, and foi those peiipheial ai- 
tenes which supply their areas in pans, such as the radial and ulnai and the 
anleiioi and posterior tibials Sutuie is especially indicated m the internal 
and common carotids, the axillary, subclavian, and biachial, external and 
common ihacs and popliteal, and the femoral above the origin of the pro- 
funda ” 

He lepoits that he has opeiated upon 251 aneui ysms, with 182 sutures, 
and 69 ligations, and considers the danger of thrombosis to be slight There 
were 14 deaths — 12 from septicemia from multiple injuries, two fiom shock 
and hemorrhage Six deaths neie in the suture gioup There were thiee 
amputations and one lecuiience of the aneurysm In ligations he lecom- 
mends the intrasacculai method of Kikuzi and von Fiisch'^ This does not 
differ in any respect fiom the endo-aneurysmon haphy of !Matas, introduced 
m 1 888, and piacticed universally since that date 
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Hcpamt — Ihc inlioduUion of hcpatin gives piomisc of gieat theiapcutie 
value in vasculai suigeiy Muiray and his associates^" have made interesting 
lepoits of then experimental and clinical cxpcncnrcs with its continuous intra- 
venous use III aiteiial and venous sutuic, venous giafts cmholectomy, mesen- 
tenc thiombosis, pulmonai}' embolism and thiombojihlebitis 

Whatever dangeis may attend aiteiial suture m acute i\ar wounds, those 
cases which aie delayed, and which do not icquiie early operation, may still 
be given the benefit of sutuie with much jirospect of success 

Ai to lovowttK Aucia vsiwi — An entncly new conception of the pathology 
as well as of the indications foi operation in artenoxenous fistulae, has re- 
sulted fiom studies upon cases cncountcicd m the World W'^ar and confirmed 
by clinical and experimental ohsci vations in civil jiiactice 

The investigations of Gundeimann, Caro, Makins, and Ca/amian, carried 
on between 1915 and 1917, established the fact that ai tci loxenous fistulae 
between laigcr vessels results m definite and progressive lieait damage Reid 
xxhile x\ 01 king with Halsted, between 1914 and 1916 savs “In the course of 
tw'o or three years, w’C became fully convinced that a fistula between the 
laigei xessels of the neck or legs ma}' cause marked Inpertrophy and dilata- 
tion of the heart, and, in some instances, cardiac decompensation and death ’ " 
This featuie of an arterioxenous fistula is an added indication for opera- 
tion. and, m man} instances, the most compelling one 

Its importance w'as hi ought to the attention of the piofession m 1923 In 
Matas,- m a paix:i entitled “The Systematic 01 Caidiovastular Effect ot 
Arteriovenous Fistulae”, and again, in 1931, b} Rcid,” in a paper entitled 
“The Effects of Ai teriovenous Aneuiysms upon the Heait’ 

In uncomplicated cases, delay m opeiation for Irom four weeks (xon 
Habcier) to six months (Reid) is desiiable foi reasons alreadx set forth 
In cases of long standing, ceitain changes in the iinohed xesscls, the 
collateial circulation, and the hcait wnll usually ha\c taken place In the 
vein distal to the lesion, vaiicosities aie fiequent, in the alter} proximal to 
the lesion, degeneration of the w'alls and dilatation of the lumen are often ob- 
seived, m the heart, degenerative changes of car} mg degree are found In 
all instances, an efficient collateral cii dilation is rapidh developed Quad- 
luple h'gation and excision is indicated in these cases 

In eaily cases in healthy indn'iduals tiansxenous aiteiial sutuic is the 
method of choice m accessible fistulae The ideal method would seem to be 
the sepal ation of aiteiy and \ein w’lth sutuie of the opening in both \cssels, 
but Reid^* points out that this measuie has been follow^ed by serious pulmonaiy 
complications, due to embolism of an and of blood clots from thiombosis at 
the site of operation He considers that ligation of the vein is a satei pro- 
ceduie, and that it probabK lesults in a better balance between aiteiial and 
venous beds, even though the aitei} is lestoied 

In cases of long standing, Matas,^- and also Holman, advises that inter- 
mittent closuie of the fistula by digital 01 mechanical piessuie be piacticed 

196 



Volume IH 
Niimotr J 


VASCULAR INJURIES 


foi a time, in an altcmpl to jiicpare the heart foi the bhock of peimanent 
clobine of the fistula which it nntjhl not othciwise be able to withstand 
£o;/y Caidiac Dccompciiwfion in Ailcnovcnous j^lnrni yiiin Falltafiz'c 
Opctation — Few cases of earlj caidiac decompensation aie on lecorcl 
Mason, Graham and Bush leport a tiaumatic aitenovenous aneuiysm of the 
left subclavian vessels, not subjected to operation, that died on the fourth 
da} from cardiac decompensation, as proved at autopsy In this paper, four 
cases were abstracted fiom the literature, reported by Tixiei and Arnulf, 
Rochei, Harvey Stone, and Caiaven, in which serious cardiac disturbance 
or decompensation w'as noted by the fifth day in three instances, and by the 
fifteenth day in one instance 

As a tempoiary measure to relieve the embarrassed heart, Tixier and 
Arnulf suggest tliat the vein be ligated some distance proximal to the fistula 
a curative operation to follow at a later date The benefits of proximal liga- 
tion of the vein have been observed by Stone and l)y Holman, and Matas 
considers it a measure that should be helpful 

Pulsating Exophthalmos —Puhztmg exophthalmos results fiom an m- 
teinal carotid-cavernous sinus fistula Appi oxiinately thiee-fourths of the 
cases are caused by trauma, and the remaining fourth by rupture of latent 
congenital or acquired aneurysms of the internal carotid or of arteriosclerotic 
patches on its wall The treatment has been v’-aried and the results uncertain 
Approaching the subject from the neurosurgical standpoint. Dandy has 
successfully tieated two cases m which the internal carotid had previously 
been ligated in the neck without success, by occluding the intracranial portion 
of the artery by the application of a silver clip after it has emerged from the 
cavernous sinus and just before its division 

A perusal of Dandy’s^® paper, presented at the fifty-sixth meeting of the 
American Suigical Association, and of the discussion, which was taken part 
in by Doctors Matas, Nafifzigei, and Mont Reid, gives one a compi ehensive 
review of the methods which have been employed in the tieatment of this 
peculiar lesion 

Wounds of the Heaif — Writing from London, Mitchiner® says “Under 
conditions pertaining in war — wounds of the heart, great v^essels, and ev^en 
the proximal ends of the limb — vessels aie usually so rapidly fatal, either 
from primal y hemorihage oi from gross damage to neighboring structures, 
that the patient seldom reaches the surgeon ahv'e ” 

With present facilities for the treatment of shock and hemorihage, to- 
gelhei with airplane ambulance service and automobile-trailer operating units 
which the United States Army may install, we expect that some heart 
wounds will be successfully operated upon In civil practice, successful car- 
diorrhaphies are being reported from ev'ery section of the country The 
diagnosis of cardiac tamponade can be made with reasonable certainty, and 
in a brief period of time, by noting the location of the wound, the shock, low 
aiteiial blood pressure, and quiet heart On reaching the hospital, the diag- 
nosis can be confirmed by fluoroscopy of the heart, w'hich will reveal the 
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absence ot pulsations, and b)’- finding a high venous pressure Tbe time ele- 
ment Is of gieatest importance, and if tamponade can be quickly relieved, tbe 
patient lias an excellent chance for rccoveiy when the wound has been 
sutui ed 

In tbe Hillman Hospital, during the past five years, 20 stab wounds of 
the heart have been operated upon by various membei s of the attending staff 
The average time from infliction of injury to beginning of operation was one 
houi and 40 minutes Six patients recovered and 14 died , six of these on 
the operating table This recovery rate is by no means as good as is reported 
fiom other clinics, but it is worthy of record, since no case had been success- 
fully opeiated upon m this institution precious to October, 1935 

Va'tculai Iiijimcs tit Civil Piacticc — While, fortunately m no way com- 
parable to the great number of vascular traumata which occur 111 war, there 
is no lack of such clinical material in civil practice 1 o evei y large hospital 
wdiich leceives accident patient'-, sufferers fiom vascular wounds continually 
present themsehes It is a sad commentar} on the jiresent state of society 
that piactically all these injuries lesult from personal altercations or conflicts 
with officers of tbe law 

Since 1932, a senes of vascular injuries ot major importance, 29 m 
numbei, have come undei my caie They have piesented the following con- 
ditions (Table I) 

Tabit I 

TMFS or \ASCULAK ISJtKJrS StSTAIM l> 

Artenovenous nncuosm*? lO 

Traumatic nncur> sms \ 

Gunshot wounds of brachnl artcr> i 

Cirsoids of scalp (traumatic) 2 

Stab wounds of the heart 2 

Extensive hematoma from rupture of femoral vein 
and branches i 


Total 


29 


TRI ATNtLNT AND RPSULTS 


Arlrnoienous aneurysms (19) 

Quadruple ligation and excision 
Transvenous suture 

Lateral suture of artery ligation of vein 
Recovered without operation 
Sudden death — fourth day No operation 
Refused operation 

Lost sight of while waiting for time for operation 
Aneurysms (4) 

Ligations — Common carotid 
Brachial 

Endoaneurysmorrhaphy — Femoral 
Lateral suture — Femoral 
Cirsotds of scalp — Multiple ligation and excision 
Gunshot wound of brachial — ^Ligation 
Laceration of femoral vein — Ligation 
Stab uounds of heart — Cardiorrhaphy 


No Rrco rred Died 

761* 
2 2 

2 2 

2 2 

1 I 

3 

2 


I 

I 

I 

1 

2 
I 

1 

2 


I 

1 

X 

1 

2 

I 

I 


2 


*One quadruple ligation and excision died from intercurrent disease after the wound had healed One 
patient died six years after operation from cardiac decompensation due to a common carotid— left innominate 
fistula not found at original operation 
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SUMMARY 

The treatment of ^asculai injuries is discussed under the following 
headings 

(1) The great improvement in the treatment of shock and hemorrhage 
bi ought about by developments in transfusion since the \\^orld War 

(2) Classification of vascular injuries in regaid to treatment 

(a) Those which demand immediate treatment 

(b) Those 111 which a biief period of delay is peimissible 

(c) Those which come undei observation at a late peiiod 

(3) Dangeis inherent to ligation of aiteiies. especially in patients al- 
ready exsanguinated 

(4) Measuies for mci easing the safety of ligations 
( 5 ) Suture vej siis ligature 

(6) Traumatic aneurysms and arteriovenous communications 

(7) Wounds of the heait 

(8) Vasculai injuries in the current wai 

(9) Expeiience m civil practice 
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Discussion — Dr Damil C Ei kin (Atlanta, Ga ) Doctor Mason has uii])l\ 
cotcred, m the short time allotted to him, his aery important subject and, therefore, I 
will oiilj cniphasi?e the points as Inch he brought out 

In the first place, it must be remembered that an hematoma in itself maj be injurious 
by cutting off lateral circulation, and sometimes it mav be ada’antageoiis to remoae the 
hematoma, even though ligation of a major aessel as ill then haae to be carried out 
Ligation of accompanjnig aeins should ccrtainlj be done as here a major artcrj is ligated, 
and temporary sympathectomy by noaocain or alcohol maa likesaise be employed to ad- 
a’antage The ligation of the proNinial a cm m an artenoa enous fistula as here heart 
failure threatens, as in large fistulae maa be hfc-saamg 

I quite agree that quadrant ligation and CNCision after a period of three to si\ 
months is the procedure of choice m the treatment of an artenoa enous fistula, since it 
alloavs time for the dcaelopnicnt of collaterals, and recurrence of infection is less hkcla 
than ba any other method 

It must be borne in mind that cirsoid anturasm is frcquentla initiated ba trauma, 
particularly trauma to a port-winc blemish, and excision of such tumor should be carried 
out as soon as it is discoacrcd 
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RADICAL OPERATIVE TREATMENT FOR SUPPURATIVE 
PHLEBITIS, AND ITS RESULTS 

Harold Neuhof, M D 
New Youk, N Y 

Phlebitis of the lateial sinus producing baclenal invasion of the lilood 
stieam is the classic example of an acute infection of the wall of a vein that 
IS subjected to diiect surgical tieatment Opeiations on the lateral sinus, with 
a view to the elimination of the infection of the blood stieam, have been piac- 
ticed foi many yeais Woith wdiile lesults have been achie\ed despite the 
fact that difficulties tvhich are peculiai to the otitic field aie encounteied 
On the othei hand, virtually no efforts have been made, accoiding to the 
liteiatuie, to match the lesults obtained m opeiations foi phlebitis of the 
lateial sinus by operations on othei venous tiunks which are similaily affected 
elsewheie This appears to be a fact despite the compaiative ease of opeiative 
exposure of some of these venous tiunks and the gieatei likelihood which 
often exists of eiadicating surgically the source of the invasion of the blood 
stieam m such cases 

The reason foi the appaient larity of opeiatue proceduies for acute 
suppurative phlebitis of leadily accessible veins such as the femoral ot 
axillaiy must be found eithei m the assumption that they laiely aie iinohed 
or that involvement by phlebitis larely is the cause of the clinical picture of 
septicemia Therefore, attention should be called to ceitain observations 
which have alieady been repoited In a study made m 1934, of 150 cases of 
septicemia wuth positive blood cultuies, \\e^ showed that acute phlebitis was 
demonstrable in almost one-half of all cases It was probably piesent but 
not demonstrable for various reasons in many of the lemainmg cases The 
aiea of phlebitis usually was situated in the mam venous tiunk in the affected 
legion, such as the internal jugulai, the popliteal, 01 the external iliac veins 
In othei woids, phlebitis when piesent w^as to be found in some substantial 
vein regardless of whethei 01 not its oiigin fiom some smallei \enous ladicle 
w^as demonstiable Suppuiation m adjacent soft paits was often found as 
the souice of the infection of the \em Phlebitis usually w'as extensne at 
the time of fatal teimination, but even then (at autopsy) the lesion was 
capable of suigical eiadication in not a few instances The lesion of the vein 
most often w'as a suppuiatne thiombophlebitis, but acute phlebitis wuthout 
thrombosis was not lare The moitahty m the 150 cases was exceedingly 
high Thus, evidence was advanced a number of yeais ago to show' that 
septic imasion derived from acute phlebitis of mam venous channels 111 
suigically accessible legions w'as not raie, and that the mortality attendant 
upon so-called conseivative treatment ot the lesion of the vein was exceed- 
ingly high Theie is no present leason to materialK alter this view, excejit 
insofar as specific chemotherap) is concerned The clinical picture of septic 
invasion of the blood stieam has been profoundh affected, tbe mortaht} has 
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been loweied, metastatic foci aie raie, but accoidmg to peisonal obseivation, 
tbe incidence of suppuiative phlebitis from which septic invasion of the blood 
stream may be dciived, has not been gicatly low^eied 

Only biicf lefercnce need be made to some of tbe clinical features of 
acute phlebitis of tbe vaiiety under discussion There appear to be certain 
sites of piedilcction, the outstanding one being the axillaiy vein In phlebitis 
deiived fiom lesions m soft parts, there is piesent an abscess or suppurative 
lymphadenitis adjacent to the lesion m the vein oi less frequently a cellulitis 
wMthout aieas of suppuration The inflamed \ein usually cannot be felt 
Piostiation IS out of propoition to the appaient lesion, that is the abscess 
Fevei and piostiation persist after adequate suigical diainage of such an 
abscess or similar suppurative focus Chills, of couise, are of sinister sig- 
nificance However, it should be pointed out that they do not occur m many 
eases of pi oven phlebitis ^ 

Omitting a detailed consideiation of tbe significance of blood cultures in 
the diagnosis of and operative indications foi suppurative phlebitis, there are 
tw'o points wdnch I wash to make and w'hich aie exemplified in the tabulation 
of the operative cases Fust, blood cultures not mfieqiiently aie negative m 
the piesence of suppuiative phlebitis amenable to suigical therapy, and sec- 
ondly, theie was no mortality among the operatne cases with negative blood 
eultuies In the absence of a positive blood culture, an absolute diagnosis of 
suppuiative phlebitis can rarely be made On tbe other band, as illustrated 
by Cases 4, 5, and 7 m Table I, the mortality ineMtably will be high if an 
absolute diagnosis is awaited befoie pioceedmg with a suigical effort at cure 

Tun I I 

C\Slb \MT1I IOSITI\r nlooi) tULTtRIS* (MM t \SI s) 

Cise 


No 

LoctI PitholoKJ 

PntlioIoRy of Vein 

Chills 

Result 

Factor in Mort ilit> 

I 

CcrvicTl Tbsccss 

Acute phlebitis with 
thrombosis of intcrml 
jut.ul'ir \cin 

Chill 

Recovered 


2 

AxilKry 'ibsccss 

Suppuntnc thrombo 
phlebitis of n'cill'iry 
vein 

Chills 

Rccov cred 


3 

Pelvic cellulitis 

Suppurative thrombo 
phlebitis iliac vein 

None 

Recovered 


4 

Cellulitisofh'ind incl 
forearm 

Acute thrombophlebitis 
of several veins of fore 

arm 

None 

Died 

Delated therapj of 
phlebitis 

S 

Furuncles of lip and 
nose 

Purulent thrombophlc 
bitis of facial vein 

Chills 

Died 

Late case Metasta 
scs present 

6 

HemorrhaRic infiltra 
tion of axilK 

Necrosis and thrombosis 
of axillary vein 

None 

Died 

FulininatinK cour'^c 

7 

Axillary abscess 

Sev ere thrombophlebitis 
of axillary vein 

Chills 

Died 

Delay after drainage 
of ab'^ccss 

8 

Cellulitis of neck and 
chest 

Subacute proliferative 
phlebitis of axillary 
and subclavian veins 

None 

Died 

Vein not accessible 
for excision 

9 

Lateral sinus throm 
bosis Cellulitis of 
neck 

Thrombophlebitis of in 
tcmal jURular v cm and 
phlebitis of innominate 
vein 

None 

Died 

Vein not accessible 
for excision 


* Streptococcus hccmolyticiis (Beta) Cases 123789 Staphylococcus aureus Cases 4 s, 6 
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Table II 


Case 

No 

tASLb 

Local Pathology 

WITH NEOATIVE BLOOD CULTURES (EICHT CASLb) 

Pathology of Vein 

Chills 

Result 

10 

Axillarj abscess 

Organizing thrombo and periphlebitis of axillary 

None 

Recovered 

II 

Suppurative axillary 

vein 

Acute periphlebitis of axillary vein 

Chills 

Recovered 

12 

lymphadenitis 
Axillary cellulitis 

Organizing periphlebitis axillary vein 

Chills 

Recov'ered 

13 

Cervical abscess 

Acute purulent phlebitis and periphlebitis of ex- 

None 

Recovered 

14 

Suppurative axillary 

ternal jugular vein 

Acute phlebitis and thrombosis of axillary vein 

None 

Recovered 

15 

lymphadenitis 
Axillary abscess 

Acute suppurative thrombophlebitis of axillary vein 

None 

Recovered 

i6 

Cellulitis of foot 

Acute purulent phlebitis and periphlebitis dorsal 

Chill 

Recovered 

17 

Axillary cellulitis 

vein of foot 

Acute phlebitis of axillary vein without thrombosis 

Chilli- 

Recov ered 

l8 

Cervical abscess 

BLOOD CULTURES NOT TAKEN (TWO CASES) 

Acute phlebitis without thrombosis of internal 

ness 

Chill 

Recov ered 

19 

Abscess of foot 

jugular vein 

Acute phlebitis and periphlebitis dorsal vein of foot 

None 

Recovered 


Cunent methods of treatment of assumed oi suspected cases of suppiua- 
tive phlebitis can be summarized by stating that they consist of chemotbeiapy 
and of surgical drainage of a local abscess when it exists Pioximal ligation 
of the vein draining a suppuiative focus appears to be favoied by some 
authors It is the direct attack on areas of suigically accessible phlebitis 
which I wish to advocate anew at this time The proceduie is not advocated 
for all cases Theie are instances m which the lesion is inaccessible, and 
others in which an attempt at its eiadication may be too hazardous Theie 
aie, howevei, cases m which involved veins are accessible suigically, the 
involvement is of limited extent, and complete excision is possible As has 
been pointed out elsewhere,- nothing shoit of the removal of the segment of 
vein bearing the aiea of phlebitis will suffice Since the problem that is faced 
IS one 111 which life is m jeopardy, the possible damage as the lesult of excision 
of mam venous trunks, specifically those of the extiemities, is of secondaiy 
importance In fact, howevei, expeiience has shown that theie aie insig- 
nificant, if any, ill lesults from the excision of such tiunks Thus, there may 
be complete absence of edema of an extiemity following excision of sections 
of the axillary oi of the external iliac veins Anothei objection which has 
been made to the proposal to deal directly with aieas of phlebitis has been the 
danger of opening up fresh avenues of infection Although this undoubtedly 
IS valid, theoretically, theie have been no instances m actual practice in which 
untoward effects could be asciibed to this factoi 

The pimciple of opeiation consists in adequate exposuie of the suspected 
01 obviously involved venous tiunk and its excision beyond the visible limits of 
phlebitis, w'henevei possible An examination of the tables will show' that the 
vein w'as the seat of a suppurative thiombophlebitis in all cases wnth positive 
blood cultures Thus, the lesion was readily discernible when the affected 
aiea of the ^eln w'as exposed at opeiation On the othei hand, the lesion 
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\\<is not ()l)vi()us in sonic of the cases with negatne blood cultuic, and the 
question of management of the vein tlieiefoie, ie(|Uiies s]iecial eonsideiation 
111 tills giou]) of eases It is not only possible but jirobablc that leeoveiy might 
have ensued without excision of the vein m some e.ises in this gioup and the 
pioeeeluie, tlieiefoie apjieais nioie debatable than in cases with positive blood 
eultui e 

The influence of cliemotheiapy on jiyeigenie seqisis is so jiiofound, so many 
extiaordmaiy ieeo\eiies take jilaee to-elaj m cases which would have been 
fatal }esteielay, that theie is an almeist uimoidahle tendency to await the effect 
of ehemotheiap} alone m any case of pjogcnie sepsis In the present series 
of opeiated cases as well as m cases wdiich did not eonie to operation ate 
instances in which suppurative phlebitis was piesent and piesuniahly had 
jirogressed desjnte specific ehemothciapv A few nia\ he instances in which 
patients survued as the result of ehemotheiain and in which a iiioie or less 
localized phlebitis had the opiioitunitj to dc\elop, so to speak, because of sur- 
vi\al In ail} c\ent, until evidence to the eontiai} is advanced, one must 
assume that sepsis due to suppurative phlebitis will or may persist despite 
chemotheiajiy and that, there foie, siugieal measiiies for the eradication of 
the phlehitic pioeess aie wan anted 

Fiom a study of the tables it is c\ident that the best lesults can be antici- 
pated in 1 datively eaily cases '\t times good results will be obtained even 
m the seveie and achanced lesions, and an effort at eradication of the mfectne 
focus in the vein should not be withheld even in the presence of alread} 
existent metastatic foci The clinical condition and the possibilih of eiadicat- 
ing the feeding focus aie bettei guides to piognosis than the mimbei of colo- 
nies in a positne blood cultuie A negative blood culture should not lead 
to the conclusion to w'lthhold opciative mteivention it theie is clinical eMdence 
to w'ariant exploration of a vein A propeily conducted exjdoiation of a vein 
if negative, is not haimful, wdieieas an o\eilooked phlebitis or one tieated 
conservatively because the classic ])ietuic docs not piesent itself, may lead 
to a fatal issue 
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Dlring the past h\o yeais, 30 patients have been tieated by general 
heparinization in the Heni} Foicl liospital In a pievious papei,^ the lesults 
m the fiist II cases weie piesented, a lesume of the histoiy of heparin was 
given, and the vaiious indications foi hepaiin theiapy weie discussed The 
hteratuie on the subject of hepaiin has become laige, as will be seen fiom 
the bibliographies appended to the icview by Mason- and the monograph by 
Jorpes The laigest clinical expeiience has been that of Munay* and others, 
at Toronto, where more than 700 patients have been tieated with the material 

In this senes of 30 cases, hepaiin was admmisteied for the following 
conditions (i) Postoperative einholisin which was not immediately fatal, 
24 cases, (2) embolism of a penpheial aitei) with embolectomy, three cases, 
(3) luetic thrombosis of the posteiioi tihial aiteiy, one case, (4) hemiplegia 
from occlusion of the common caiotid arteiy, one case, and (5) phlebitis, 
one case 

The gross results will he summaiized at this time Tw^enty-tw'o of the 
24 einbohsin patients lecovered The two deaths will be analyzed below , one 
of them apparently lepresents a failuie of hepann m the dosage employed 
to pi event the recuirence of embolism The cii dilation w'as lestored to the 
legs in tw 0 of the embolectomy cases , the third lived only a few’^ houi s aftei 
an attempted removal of clots fiom the femoial artery No flow^ of blood 
w'as obtained, and the grave condition of the patient, who was m the terminal 
stages of artenosclerotic heait disease and appealed to have mesenteric em- 
bolism also, caused the operative interference to be inteirupted wuthout an 
abdominal approach to the iliac aiteiy A giatifying lesult was obtained m 
the case of luetic thrombosis of the posterioi tibial artei}',’ and the one case 
of phlebitis show'ed tiansient amelioration The patient with hemiplegia from 
occlusion of the common caiotid aiteiy was not benefited by hepaiinization, 
and expiied 

The general plan of hepaiin tieatment is to elecate the clotting time of 
the blood to an aibitrary optimum level, in the hope that dangerous clotting 
may be inhibited The usual method is to administer the mateiial m a con- 
tinuous intiavenous drip Undei ideal circumstances, this lesults in a pio- 
longation of the clotting time wdiich neithei goes fai above nor fai below 
the optimum level Chart i shows wdiat might be teimed an ideal hepaiin 

♦Read at the First Annual Assembly of the Central Surgical Association, Ann 
Arbor, Mich , February 28-March 1, 1941 
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icaclion, with the clotting time being kept at cippioximately 15 minutes (capil- 
laiy lilood m capillary tubes) by the admmisti ation of slightly moie than 
I 000 units of Connaught bepaini per boui The teim “2 per cent solution” 
on the cbait indicates that one 10 cc vial of heparin was added to each 500 cc 
ol ph3'siologic saline solution One bundled milligrams of ciystallme heparin 
IS contained in each 10 cc vial Hence, the patient leceived about 1,200 cc of 
physiologic saline solution dail) 

Chart 2 IS included to show two things first, the results of a clinical 
tiial of a bland of hepaiin piepaied m this country (Liquaemin, Roche- 

GS HERNIOTOMY 




Cu\RT 2 — Ilcpinn clnrt showiiip tlic p(Ktnc> of the I tcimtnun ])nn(l of htpirni 'iiul tla effect of 
rtpe'itcil injections of iiiuliluttd Conmuj^ht hcp"irin 

Oiganon), and second, the effect ot inteiinittenl injeetions oi the undiluted 
mateiial At that time, Liciuacmm was marketed 111 5 cc eials, containing 
10,000 units, but this unit is of a potency of only one-fifth that of Connaught 
heparin Theiefore, five vials (25 cc ) of this material neie needed to pro- 
duce the effect of one 10 cc vial of Connaught heparin Recentlj'^ Lic[uaemm 
has been dispensed in a 10 cc vial containing 100 mg of heparin 

Chart 2 also illustiatcs the effect of intermittent injections at mteivals of 
three houis AIcCluie and H showed that it was possible to do this ■without 
dangerous bleeding The case icpoitcd developed embolism aftei prostatec- 
tomj", and leceived a couise of hepaim by the usual continuous intiareiious 
loute Five da3's after the hejiaiin was discontinued, he had a second small 
embolism On account of the piesence of mild caidiac decompensation, it 
was deemed inadvisable to give any saline solution inti avenousl3% and the 
patient was given the undiluted mateiial, 111 the amount of 4 cc of Connaught 
hepaiin eveiy thiee houis The clotting tune w'as fiequentl3'^ over an houi, 
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leturning to 15 mimUes 01 below in the thiee-houi peiiod 5^his method is 
of value in the last few daNs of any course of hepaim treatment, wdien it is 
advisable to have the patient get out of bed and w^alk wathout being encum- 
beied by the mtiaveiious appaiatus 



CiuRT 3 — Clnrt of intmit trtntcd witli I uuni.niin with innllcl clottinR lime determimtioiis 1)> three 

methoiK 

Chait 3 ilhistiates one of the jiioblems in heparin tieatment, namely, the 
problem of clotting tune methods This is the chait of a patient who was 
tieated with Liquaemin for a peiiod of eight dajs Dm mg the time wdieii 
he w'as receiving the mateiial b} continuous mtiavenous drip, the clotting 
time was taken at intervals by thiee methods, namely, venous blood m test 
tubes, \enous blood 111 capillaiy tubes, and capillaiy blood 111 capillary tubes 
It can be seen that the clotting time as measuied by the test tube technic 
was easily maintained at 15 minutes 01 above by the administration of small 
amounts of Liquaemin Idow'ever, considerably laigei quantities w'ould have 
been necessaiy to elevate the clotting time to 15 minutes as measuied wnth 
capillary blood in capillary tubes Venous blood m capillary tubes occupied 
an intermediate position IMany of the leports on hepaim treatment aie not 
clear on the matter of the clotting time method In their oiigmal dnections 
for heparin tieatment, Munay and Best'’ advised that the clotting time be 
elevated to 15 minutes as measuied by the capillary tube method Recently, 
Murray® states that they are using venous blood m a i cc test tube, with a 
glass bead foi an indicator The dnections accompanying the Liquaemin 
preparation suggest the use of the Lee and White method, m which venous 
blood IS placed m seveial test tubes, wdnch aie inverted until clotting occurs, 
the clotting time m the fifth tube being taken as the leading The determina- 
tions on Chart 3 were made wnth tw^o test tubes Obviously, repoits on 
heparin tieatment should state clearly the clotting time method used, if evalua- 
tions of the potency in vivo are to be made At the present time, no one is 
willing to state what is the actual optimum clotting time to prevent thiom- 
bosis The expense of hepaim is such that one w^ants to use the least amount 
that will produce the desired effect The case lepoit wdnch follows, taken 
alone, w'ould cause one to tiy to maintain a clotting time of at least 15 minutes 
by the capilla} v tube method 
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Case I —The piticnt w.is in olicsc wonnn, hkc 4-? Slit liid (Ir-iiiugt of an appen- 
diceal abscess of II di\s dm.ition on April ^4 1040 J be postoperatnc tonrse was 

stornn, witb dislentioii btiiipr a tioublesonie toinplieatioii J Inis, mam factors fnoring 
einbolisni were picsent nanith, se\cial weeks of rtiiiinbtnie in bid, infection, ol)csit>, 
and increased intra-alKloinin il pi tssiii e from distention to retard liack-flow' from tbc veins' 
of ibe legs On Mav 25, 1940 one month after operation, and after orders bad been 
left for her to get up tbc next day, she had a sudden attack of epigastric pain, sweating 
md shortness of breatli The diagnosis of piilmonar\ embolus w'as obeious, and heparin 
was begun Large amounts of heparin were necessars to keep the clotting time near 
15 minutes (Chart 4) The condition of the patient improscd rapidh and heparin was 
to be discontinued on June 2, 1940, after one week of treatment Howeser, at 3 45 a m 
on this das, she awoke with djspnca and a hacking cough which was products e of 
blood-streaked sputum Tlie condition of the patient grew stcadili worse, there was 
marked air hunger and the skin was cold and moist She was treated with oxjgen, 
papas criiie, morphine, and increased amounts of heparin, but she expired about 24 hours 
after the onset of the episode Postmortem was refused, although it was sought with 
great diligence broni clinical cxaiiiination, death appeared to be due to a second massne 
pulnionarj embolism Howeicr, acute heart failure could not be eiitireh ruled out 
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Chart 4 — Ilcinnn chart of intient wlio appartiuli hail a ‘■tcond pulmonirx cmholmm in the niiiUt of 

hipariii thtrapj 

Fortunately, an accurate record of the amount of heparin given and the 
clotting times had been kept This lecord showed that for about ttvo days, 
the clotting time svas ten minutes, and on one occasion it got as low as six 
minutes Did a dot foim during this brief period^ Did a piece break ofT 
an old thrombus wdiich had been waving in a large vessel for more than a 
w^eek’ Regiettably, the answ'ei in this paiticulai case can never be known 
More information w^as obtained rcgauling the second fatality dm mg heparin 
administration, because an autopsy was obtained 

Case 2 — The patient w as a man, age 69, wdio w as admitted to the hospital on the 
Medical Service of Dr Robert Durham The provisional diagnosis was arterioscle- 
rotic heart disease with fibrillation He Ind tu'o pulmonar.v embolisms, thought to ha\e 
come from the right auricle, although the presence of femoral phlebitis was discoaered 
later He had marked dyspnea, and was heparinized as a last resort He expired in one 
week, with signs of cardiac failure Autopsy show'ed huge infarcts of the lungs, w’hicn 
were thought to be at least one w'eek old The cardiac muscle showed gross evidence of 
degeneration No hemorrhagic manifestations were discernible 

The complication of hemonhage has not been prominent m the previous 
reports In 315 cases leported by Munay and Best,^ theie weie foui instances 
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of hematoma formation m tlie wound, with the lesult that hepai mi/ation was 
stopped Piiestly, Essex and l^aikei*^ noted only tiansicnt hematuria a few 
times m their 45 cases 

In tins senes, there was hcmoiihage fiom the opeiative ivound four times 
Tw'o patients bled from wounds in the popliteal space following embolectoiny 
Foitunately, the hemoiihage did not begin until foui days had elapsed in each 
case, and the aiteries remained patent, even though the hepai in w'as discon- 
tinued The thud patient had a lathei extensive dissection of the abdominal 
wall for the excision of a diaining sinus Three days latei, he had pain in the 
chest suggestive of infaiction and the next da} hepai m tieatment w^as begun 
by the intermittent method, on account of the piesence of caichovascular 
insufficiency Four cubic centimeters of Connaught hepai m was given every 
three liouis, and the clotting time rose to 20-30 minutes after each injection, 
the maximum being 46 minutes on one occasion An hematoma developed 
on the second day, and the heparin was discontinued, inasmuch as sputum 
studies indicated that the pain m the chest w'as due to lironchopneumonia 
rathei than emliohsm The fouitli patient had pain in the cliest on the 
twelfth day following hysterectomy Ifeparin w'as started, but W'as given in 
alinormally large amounts foi seveial houis, wnth the result that the clotting 
time was 65 and 75 minutes on two occasions The patient began to bleed 
from the vagina after 24 houis of tieatment, and this was conti oiled with 
some difficulty by stopping the hepai 111 and jiacKing the vagina One trans- 
fusion W'as given Recover) w'as rapid 

There w'as one case of concealed hemorihage A very obese woman, age 
42, had a spinal fusion Duiing the thud week of convalescence, she had 
seveial small pulmonary embolisms Hepai in was begun, by the use of a 
continuous intravenous cannula placed in a vein on the medial side of the left 
ankle The light leg is usually used for this piocedure, on account of the 
propensity of the left foi phlebitis, but in this case a bone graft had been 
removed fiom the right leg, so the left w'as chosen The clotting time was 
maintained at the optimum level by giving 1,000 units of heparin per hour 
(Chart 5) On the third day of treatment, the patient complained of severe 


PAiH m Lees rAMintss 



Cn\RT s — Hciurvn cliirt of pilient who tle\eloped a missive hemitoma in the thi^i (Tig t) 
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pain in the ict^ion of the feinnial \essels of the left leg The leg was repeat- 
edly examined, and no cause foi the pain could he found Latci, she com- 
plained of feeling faint The tiue stale of atTaiis was not lecogni/ed until 
thiee days latei, when hulging m the left thigh was noted (Fig i) The 



Fir I — Photoj,ni)Ii of k^s of the pitanl uho <!t\clopc(1 in Iuikc htnntonn m the left Ut 
on the third d ij of htpirin idnnni'.tntion 


hemoglohm determination at this tunc showed 5 Gin, 01 33 per cent It 
w'as ohvious that the swelling rcpiesenlcd a massne hematoma which had 
come from an unknown souiee m the leg It is of mteiest to note that the 
vitamin C on the patient this day w^as 020 ing, wdnch is about scurvy IcAel, 
and theie was evidence of capillarj fi agility by the touiniquet lest Appai- 
ently the combination of the tw'o heinonhagic tendencies lesulted m the sub 
cutaneous bleeding 

CoMMKNT — It has not been my intention to paint a daik pictiue foi 
hepaim theiapy I have mentioned the complications, having little to say 
about the other cases wdio compiise the majority of the senes, who had unm- 
teruipted lecoveiies after having had one, tw'O, and even thiee previous 
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pulmonaty infcucts Hcpann has a place in the tieatment of thiombosis Its 
\aluc in cmbolectomy and othci kinds of blood vessel singeiy is even gi eater 
Howevei, those who use hepaiin should keep in mind such leports as that of 
Potts,*' w'ho earned 518 patients thiough vaiious opeiative pioceduies woth 
no clinically iccogni 7 able evidence of thiombosis 01 embolism, by simply 
making them catn out a simple cxeicise in bed’ Still moie puzrlmg is the 
leport of Reed,’” who stated that he had dehbeiately 1 educed the clotting 
time in a senes of opeiative cases, In the admimstiation of adienal coitical 
extract lie had had no cmholism 01 thiombosis in ovei 200 cases' 
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I he picfecnt c\ai hat. ictm])hasi/c(l the uifjent need for blood and blood 
jilasma in the fluid oi desiecated state* wliieli niac he use*d to combat shock 
and hemorrhage In line witli othci defense woik, tlie eolleetion of desiccated 
plasma foi oui own aimed forces has been iindei taken h}' the American 
Red Cl OSS iindei the supervision of the National Reseaich Couneil The 
jiresent sjieeifieations eoceimg the preiiaiation of this material lecjuiic the 
desiccation from the frozen state With the largest units desiccating from 
the frozen state, such as used In Best at the Banting Institute, only i,ooo 
units of 250 ec each can he produced pei week INcii with our methocP of 
desiccation fiom cellophane ccdindeis with a production of 1,200 units of 
250 cc pel w-eek, the matter of obtaining such large cjuantities of human 
blood icmains a gieat problem From the stand])omt of jiroduetion alone, 
to say nothing of cost, tianspoitation, stoiage, and application, it seems 
obvious that some othei substances which mat be used as substitutes or 
supplements for blood and blood jilasma must be found 

The w'ldespiead and successful use of blond plasma and blood seium in 
shock and hemorihage has demonstrated most convincingly that the pi unary 
need in such emergencies is to lejilenish the tolume of ciieiilating fluid with 
a fluid which has identical or similar physical eharaetei istics lather than new 
led blood cells The led blood cells may in fact be distinetl} contraindicated 
III shock w ithout hemorrhage - 

In a lecent article, Ta}loi and Wateis' outline the requiiements of a 
transfusion fluid which will lestoie and maintain the volume of circulating 
fluid as follows “(^) The molecule of the dissolved substance must be of 
such a size that the fluid will not leave the vessels too fieeh (b) The solu- 
tion must eveit an osmotic piessure and possess a viscosity approaching as 
closely as possible that of wdiole blood, these qualifications depend upon 
molecular size and shape (e) It should be as nearly as jxissibly isotonic with 
the contents of eiythiocytes (d) It must of course, be noiiantigemc and 
innocuous m every lespect In addition, it should be readily available, 
pieferably cheap, and capable of being quieklv and easily prepaied for intra- 
venous administi ation ” 

To meet these lequiiements, Taylor and Waters piopose the use of isin- 
glass (fish gelatin) especially piepaied fiom fish sw'imming-bladders Some 
difficulty in puiification has been encounteied, but in animal experiments it 
seems to answ'ei the purpose and only a few^ leactions w'ere encounteied It 
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IS held bupcnoi Ui oulin,u\ gelatin which does have definite antigenic 
pi ojierties 

The second colloidal inateiial which has hecn wndely used as a blood 
substitute IS gum acacia Its use was suggested h} ])a3diss,‘ in 1916 under 
the title "Methods of Raising a Low Aiteiial Piessuie,’’ and suppoited by 
Rous and M'llson,”’ in 1918 undei the title “Fluid Substitutes foi Tiansfusion 
after Heinoirhage” The facoiable lesults lepoited b) Bayhss and Rous 
and Wilson were confirmed In some iinestigatois and objections w^eie brought 
out by others Han/hk and Kaisnei '■ in 1922 in a study of vaiious colloids 
state regarding acacia "It mjuics the cnculatoiy and lespiiatory systems 
as indicated by the presence of anaphylactoid symptoms, pulmonaiy disten- 
tion, congestion and hemoirhage togethei with caidiac dilatation Thrombi 
in the pulmonary vessels occuried aftei the injection of acacia m therapeutic 
doses and concentrations” May turn and Magath” in 1932 confiiined the 
fact that e\en the best solutions might be antigenic ‘Solution of acacia is 
a mild antigen theie is no dangei in the fiist dose ot acacia but subse- 
quent doses should be gnen cautiously because of the possilnhty of anaphy^- 
lactic reactions” Yuile and KnutlY in 1939 showed that the Iiveis of dogs 
injected weekly' with acacia may increase fi\e to siv times in w'eight and 
contain 8 to 10 pei cent of acacia by weight Fuithei it w'as found that 
acacia persisted as long as 1 44 day s in the blood and that the plasma pi oteins 
were depressed to ^ery low levels paiticulaily the fibnnogen fraction wdneh 
remained low for se^eral months 

Andersch and Gibson'’ lejioit that 30 pei cent of the injected acacia was 
found in the liveis of dogs and 43 pei cent ot 46 Gin injected w'as found 
in the liver of a nephrosis patient 

Jackson and Fray’ser’” m 1939 found that "tlie filinnogen may become 
very low and cause considerable delay in clotting and pi olongation of bleeding 
if large amounts of acacia aie given ” 

Thus It IS apparent that wdnle acacia satisfies the fiist thiee 1 equirements, 
It fails in the fourth since it is antigenic and is stoi ed in the liver, interfering 
with liver function 

The difficulties encountered in the intiavenous use of acacia have been 
detailed because it is obvious that any' new' colloidal solution proposed for 
intravenous use in shock and hemoirhage must eliminate most or all of these 
disadvantages, if it is to be a truly acceptable substitute for whole blood or 
blood plasma 

Pectin IS a substance very' fainiliai to the piofession but its therapeutic 
application has been confined to the skin and intestinal tiact It may be 
described, accoiding to Gortnei’* as a colloidal cai liohydrate of high molecu- 
lar w'eight and rather complex composition On hydrolysis it is said to 
produce galactuionic acid, galactose, aiabmose, xylose, methanol, and acetic 
acid Protopectin is the mother substance of the pectins and both are found 
in the plant cell walls where they' aie piobably combined w'lth cellulose 
Protopectm may be hydrolyzed free fiom the cellulose and converted into 
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soluble pectin, usually by liealnient with 05 pei cent ammonium oxalate at 
70 to go° L 01 by heating with dilute acids 1 he pectin resulting from either 
foim of hydiolysis is of high moleculai \\ eight, disperses in water to a 
VISCOUS colloid sohition and is 1 caddy precipitated fiom this solution by alcohol 
jM^^cis and Bakei’“ behc^c that lemon pectin is monoarabinomonogalac- 
todiacetylheptamethox}loctagalacturomc acid, giving a formula of C7olI.)sO-,8 
with a moleculai weight of 1866 Bonnei ” suggests a cclIulose-liKe chain 
foimula Henglem and Scbncidci” nitrated jicctm and found the resulting 
mateiial with the plgsical chaiactenstics similar to nitiocellulosc 

Souice 0 ) 1(1 Pi cpaialiou of Pectin foi Inii avinow; i ?£’ — Pectin m the 
di} powdei foim obtained from two manufacturers was used in this work 
One bland boie the label "puic giapefruit pectin’ and the other ‘pectin- 
technical giade’’ The formci designated as Biand I is a light brown 
granular mateiial which is sufficicntl} soluble m waim double distilled watei 
to 1 caddy make a l per cent solution It is fdlcied through Xo i Whatman 
papcis This solution is slightly opalescent and has a pi 1 of 3 05 Its \iscosity 
is to I ^ at 38° C and its osmotic prcssuic is 50 Mm of mciciin Since the 
viscosity of whole blood is about six and the osmotic prcssuie of plasma is 
25 to 30 Mm of mercury, the i per cent solution of Brand I is diluted with 
equal quantities of i 8 pei cent XaCI 01 double stiengtb Ringers solution 
then phosphate buflfers aic added in sufiieicnt quantiU to bring the ])1] to 6 5 
The pectin obtained fiom the second manutaeturei . Brand II, is a white 
powdei w'hich contains 35 i>ei tent glucose Because of the difficult} in 
separating this glucose, the material was used in a i jier cent solution made 
up in double distilled watei It is filtered through No 1 Whatman papers 
This solution has a viseosit} of 3 3 and an osmotic pressure of 22 IMm of 
meicuiy Eight-tenths of i jici cent XaCl and jihosphate buffers are added 
to bung the pH to 65 Both solutions aie stciili/ed under steam piessuie 
of 15 pounds foi 20 minutes Aftci stei ih/ation the solutions aie still 
slightly opalescent and is fuitiiei bulTeied to pH 72 \s with other colloidal 
solutions, eveiy lot does not tin 11 out alike, tbeicforc it is necessary to test 
each lot against citiated blood and susjiensions of red blood cells examining 
for hemolysis, laincl sedimentation, and precipitation of fibiin If any of 
these occur the solution must be i ejected 

Expo iincntal — No evidence has been lound in tbe hteiature to indicate 
that pectin is an antigenic substance, but since it has not been used mtia- 
venously as a therapeutic agent, it seemed desirable to determine whetbei 
01 not it w'as antigenic or wdiethei it wmuld pioduee so-called anaphylactoid 
symptoms "Jo this end thiee guinea-pigs w'eie injected mtiavenously wnth 
I cc , I 5 cc and 2 cc of the i pei cent buflfeied pectin solution and at the 
end of 14 days wntli the same amounts intravenousl} No reaction occuiiecl 
Twelve rabbits of six and eight pounds each w'eie given i pei cent bufteied 
pectin solutions mtiavenously in amounts ranging fiom 50 to too cc These 
doses w^eie icpeated aftei one W'eek and aftei two weeks, but no immediate 
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01 delayed leaetion oceuned Thicc dogb, as indicated in Ttd)le I, weie 
injected foiii limes ovei a 26-da\ peiiod uith j pei cent buffeted pectin 
solution in doses langing fiom 300 to 350 cc , each time without anaphylactic 
s} mptoms 

Tviin I 

Il\n I I'SCTION lOHOWINf I I CTIN INJI CTION 


Dof 

nncl \\ f t 


P 60 
IS •> Kf 


I’ -o 
n 1 lv( 


I’ ho 
17 7 K. 



Gm Pectin 

BSP Li\er Function lest 

Ditc i'J4i 

per Kp 



s' 10' 20' 


6 12 

0 19 




6 17 

0 22 




6 iS 


‘;o'o 

30 '''p 

20% 

6 21 


SS'/O 

15 % 

nei. 

<> 2? 

0 19 




7 7 

0 25 




~i~ (4 hrs ) 


10% 

20% 

10% 

7 S (24 hr, ) 


|0''c 

20% 

7 % 

7 / II 



10% 

nch 


6, 12 

0 26 




ft 17 

0 26 




6/18 


45 % 

20 % 

15% 

6 '21 


15 % 

10 % 

net. 

6 '21 

0 2O 




7 / 7 

0 IS 




7 ' 7 (4 hr', ) 


55 % 

2 S% 

15% 

7 8 (2t hrs ) 


60% 

25 % 

10 % 

T'lt 


35 % 

5 % 

ncR 


6/12 

0 17 




0 17 

0 17 




6 18 


45 % 

15% 

5 % 

6/21 


25% 

10 % 

neR 

6/23 

0 17 




7/7 

7/7 (4 lirs ) 

0 23 

50 % 

35 % 

20% 

7/8 (24 hrs ) 


30% 

15% 

10%, 

7/1 1 


25% 

5 % 

trace 


The disposition of jiectin m the body after it is injected mtiavenously is 
of primary importance, since one of the principle difficulties with acacia is its 
letention in the blood and tissues, especially in the liver Pectin is also taken 
up by the liver, especially if a single large dose is administeied In six to 
eight pound rabbits leceiving 100 to 150 cc of the i pei cent buffered pectin 
solution at one time and sacrificed three houis later, there was no maiked 
gross enlargement of the hvei, hut mici oscopically the hepatic cells appeared 
swollen and filled with small clear granules A dog of 16 Kg leceiving 425 
cc of I per cent huffei ed pectin solution, and autopsied 14 hours later, failed 
to show eithei gross or micioscopic evidence of liver retention As seen in 
Table I, the fractional hromsulphthalem test of liver function aftei the injec- 
tion of large amounts of pectin solution showed a temporary blocking which 
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f^lA'IS H IDLOu 
PECTtN 

Fig - — Experiment upon dog ^\elghlng 23 i Kg Effect of intnvenous injection of i 000 cc of i per cent pectin in shock produced 
by bleeding of 1,000 cc of blood The fimi blood pressure is 160 Mm of mercury 



HARTMAN, SCHILLING, HARKINS AND BRUSH 'mi >i, or surccrj 

j\ 

cleat ed rapidly and sho'\ed no tendency toward a cumulative storage or 
blockage even v ith four lai ge doses in a 26-ddy pei lod 

The tcinporaiy cbaractci of the bod3'’s ictention of pectin is demonstrated 
fuitbei by its excretion m the urine It is excreted unchanged, as demon- 
stialed by precipitation when equal quantities of urine and absolute alcohol 
or mine and acetone aie mixed In eitbei case the pectin is tbrovn down 
as a white flocculant pieei])itate A lougb quantitative estimation of the 
amounts may be made by eompaimg with a known solution wdiicb has been 
precipitated m the same manner The excretion of i)cctm is small foi the 
first eight to 12 houis aftei the injection but reaches the maximum wnthin 24 
hours, and within 48 to 72 houis the major portion of the pectin is eliminated 
Considering the source, method of production, and chemical natuie of 
pectin, theie is nothing to suggest that it would he toxic foi the body 01 its 
comjionent units Fuithci, jicctin has been used cxtensuelv m man as a local 
application to w'ounds and in the gastro-intestinal tiact without toxicity With 
solutions pic])ared and tested as desciihed, there ha\c been no indications 
of toxicity 111 eithci man 01 animal Pectin solutions which aic not piopeily 
adjusted as to the pi I and which have a viscosity ahoie fi\e aie pooily 
tolerated m animals and must he guarded against m clinical work 

A series of 12 cxpeiimcnts weie pci formed upon animals m oidci to assay 
the value of pectin for blood icplaccment m shock following (a) hemorrhage, 
and (h) experimental bile pciitonitis, and ohscnc its effect on (c) blood 
concenti ation and (cl) as a rejilacement for jilasma in jilasmajdieresis 

(a) In foul animals, shock was pioduccd by hiiiioi 1 liac/c As seen fiom 
Table II, the amounts of blood removed, while considciahlc, wcie not suffi- 
cient to alone cause death in all instances, hut the effects of pectin m restoiing 
blood pressure aie quite striking As seen fiom Figines i and 2, the lestoied 
level of blood piessurc w-as well maintained aftei the admimsti ation of jiectm 
solution intiavenously 

T\mr II 

Tlir L'bl 01 IlCTIN IN SHOCK lOIIONMNC IMUIMINTM HIMOKRH\Cb 


Experiment 

No 

Doj, Wt 

Ku 

Initnl 
Blood 
Pressure 
Mm Hf, 

Bled 

cc 

Blood 
Pressure 
After 
BlccdinR 
Mm Hr 

Inject cc 

I % Pectin 
Intra 
\enousl> 

Fill'll 
Blood 
Pressure 
Mm Hr 

Result 

I 

II 8 

no 

325 

80 

320 

155 

Died LunR 'ibscesscs 








found at necrops> 

2 

12 2 

150 

37S 

SO 

47S* 

130 

Recox cred 

3 

13 6 

138 

SOO 

yo 

■;oot 

1 10 

Recovered 

4 

23 r 

180 

1,000 

80 

1,000 

160 

Recov ered 


* Plus ISO cc whole blood 

t One half per cent pectin used m this experiment 

(b) Five animals wnth hile pcntouitis were tieated with pectin The bile 
peritonitis w-^as produced by the iiitrapeiitoneal injection of steiile 10 pei cent 
solution of Armour’s lepunfied bile salts A maikecl hemoconcentration as 
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cMclencecl b) a use in the hcmatociit lesulted This use and the associated 
maiked fall in aiteiial blood piesstne aie shown foi a typical experiment in 
Table III Thiee animals m this stage weie then treated with mtiavenous 


T\ni n III 

Tiin \jsr oi PI cTis in shock prom nun ppritomtis 

TjpicM Experiment (In the other n\o experiments the animnls lived ten plus and 22 hours after mjectin 
the bile salts intrnpentoneallj ) 

Dop weipht — II S Kr 

Initial readings Blood pressure — 1.10 Mm Hg , hematocrit — 46% 

Inject Sp cc io 9 c hile salt solution intraperitoneally 
Time interval — 3’^ hours 

Subsequent readings Blood pressure — 60 Mm Hg hematocrit — 69% 

Inject 230 cc 10% pectin intravenously 

I atcr readings Blood pressure — 128 Mm Hg , hematocrit — S8% 

D_ath si\ hours after intrapentoncal bile injection 

pectin injections as sliown in Figuics 3 and 4, and a temporal y improvement 
111 hematocrit leading and blood piessuie level occuried These expeiiments 
were made to ohseive this effect lathei than to attempt a peimanent cure 
since it IS \\ell known that m instances of bile pentonitis of this seventy even 
plasma will not piexent death’* 


TAnub IV 

PI CTIN PI VSMVPIirRI SIS r\PI RIVirST juiv 5 1941 


Dog U dglil It S hg i\emhulol Xiteslhcsia 




Observ ition 



Remove Cc 


Administer Cc 



Gm /loo Cc 







Time 

Hemx- 



W'hole 




1% 

P M 

toent 

Albumin Globulin 

Total 

Blood 

Cells 

Plasma 

Cells 

Pectin 

4 12 

41 

3 39 I 52 

4 91 






4 18 




200 

105 

95 



4 45-5 00 







105 

130 

5 02 

45 

2 09 I 73 

3 82 






5 05 




175 

95 

80 



5 11-5 31 







95 

130 

5 35 

45 

I 76 I 84 

3 bo 






5 37 




175 

105 

70 



5 38-6 03 







105 

100 

6 07 

SO 

2 09 I 09 

3 18 






6 08 




1 75 

105 

70 



6 09-6 31 







105 

100 

6 32 

52 

I 97 0 87 

2 84 









Totals 

725 

410 

325 

410 

460 


Tw'o other animals w^ere given pectin befoie the production of bile 
peritonitis wntli no demonsti able prolongation of life over that observed m 
similar control experiments 

(c) In one experiment, pectin solution was rapidly injected to see if it 
could cause a blood concentiation or dilution A rapid dilution was ohseived, 
unlike the paradoxic blood concentration following concentrated j^lasma injec- 
tions observed by Harkins, Boals and Brush In this same experiment, 
frequent determinations of the blood clotting time w^ere made wuth no demon- 
strable prolongation being observed 
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(d) In t\\o dogs. pIoKiuopItci csis was done Aftei centrifuging withdrawn 
samples of blood, the plasma was discaided and replaced by an equal or 
slightly gieatei amount of i pei cent pectin solution The cell -pectin mixture 


■BKga a tig gaa a ag siiBaiatesa 



N*" |V« 4*^ ” A* *• V* lO** 11^*’ 

Tig s — C isc i Uffcct of intnNcnou*! injection of 600 cc of i per cent 
pectin in piticnt B M 



Tig 6 — Cise 2 M W No 16863 A fem-ile, e\hite nge 42 Weight 
130 lbs Lump in right hreist for three months Admission blood pressure 
140/85 Operition July i, 1941 — Rodical mastectomy with skin graft from 
right thigh (Preoperative hemoglobin 125 Gms ) Anesthetic ethylene 
Received 450 cc of i per cent pectin solution intravenously after returning 
from the operating room in shock Condition improsed and the systolic 
blood pressure rose from 50 to 98 
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\\as tlicn imiiKcliatcly lemjectecl m the animal This piocecUire was repealed 
a total of foul times in one experiment and five times m the other, with- 
drawing samples of about 200 cc of blood each time In one experiment, 
the hematociit did not vaiy at all, while m the other, it mci eased somewdiat 
as seen m Table IV The maiked decrease in total plasma proteins following 
pectin leplacemcnt m this animal is notew'oithy 

Cl I MCA! OIISI- UVATION 

Case I — Pectin Inirction in Patient Not in Shock B W , a female, age 54, 
had a inllialnc operation for carcinoma of the right breast October 8, 1940 She 
returned to the hospital, June 30, 1941, with multiple metastases An mtraaenous 
injection of Coo ce of i per cent pectin w is guen Juh 3 1941 The chief elTects were 
a slight feeling of well-being and an cleeation of blood pressure from a mild inpotensne 
to a more normal level as shown in Figure 5 A slight chill with a transient temperature 
elceation to 101 4°F might well be attributed to i coincident bromsulphthalem test Fur- 
thermorc, the patient had a dail> diurnal rise to 990° F each daj before the pectin 
administration Lner function and renal function tests were performed before and after 
the giMiig of pectin On Juh 2, 1941, the bromsulphthalem retention was ten minutes — 
10 per cent, 20 minutes — 0, and 30 minutes — o, and on Juh 4, the daj after pectin 
iniection, the test was e\acth the same \ pi c.iolsuljihonjibthalcm test on Juh 2 showed 
65 per cent excretion in one hour and 15 per e^nt in the second hour for a total of 80 
per cent Ou Julj 4, the daj after pectin injection, the leadings were identical Hema- 
tocrit readings were constant (decrease from 38 to 37) .md the clotting tune also showed 
no appreciable change Blood protein anahses, in gr.ims per cent, were as follows 



Albumin 

Globulin 

ribrino; en 

Totil 

July 2 1041 (before pectin) 

4 04 

2 27 

0 40 

6 71 

Julj 3 1911 (just liter pectin) 

I 08 

1 17 

0 43 

6 sR 

The clinical use of pectin 

111 shock 

IS illustrated in Figures 

6, 7 iikI 8 



Discussion — The use of pectin as the colloid base for a blood substitute 
IS logical because it is one of the most hydiophilic colloids, only o 5 Gm ol 
puie material pei 100 cc of solution being icquned to make a solution wnth 
a viscosity and osmotic piessuie neai that of whole blood Thus 14 times 
moie acacia, gelatin 01 isinglass, gram foi giam, is icquired to make a suitable 
intravenous solution, than is icquned with pectin 

The source — citrous fiuits — and the method of pioduetion chemical and 
electiolytic extraction, give an abundant supply, ficc of gioss bactenologic 
contamination, at nominal cost 

Preparation and stei ilization of the solution is icadih accomplished, lint 
ceilain essentials must be obseived, 1 c , neutiah/ation addition of electiolytes 
and testing foi (a) viscosity, (b) hemolysis of led blood cells (c) sedimen- 
tation of red blood cells, and (d) pi ecipitation of fibim 

The pielimmary expeiimental w'oik indicates that pectin is nonantigenic 
and nontoxic It is letained m the body fo a shoit peiiod and then elimi- 
nated lapidly There appeals to be no cumulative effect m using the solutions 
described Livei function as measuicd bv the fi actional biomsulphthalein 
test, and fibiinogen shows slight depicssion only with massive doses In the 
12 experiments on shock and hemorihage piompt and adequate 1 espouse as 
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Tir 7 — Cise 3 C \ No 271727 \\ lute, female age Gastric 

ulcer iMtli continuous «\miitonis for fi\e \<.ars Height s'2", weight 134^4 
Ills Oiieration TuU 3 1941 — Partial gastric resection Preoperati\e blootl 
lire sure 88/64 heinoglohiii tj s Gnis Rccenetl 950 cc of i per cent pectin 
(luring tilt operation rather than the custom ir> transfusion of whole liloocl 
The hlood pressi re was maiiitauicd well ahotc the preoperatne le\el Post 
operatite course was utiettntful 



Pig 8 — Case 4 J M No 186791 White male age 66 Duodenal 
ulcer for past 15 years s'6" tall weight 140 lbs Present studies show 
marked gastric retention and gallstones On 7/3/41 had cholecystectomy, 
appendicectomy and posterior gastro enterostomv Admission blood pres 
sure 120/70 Postoperative course uneventful Anesthetic cyclopropane and 
ethylene (preoperative Hb 15 Gm ) Receued 900 cc of i % pectin diirinv 
the course of the operation instead of the usual blood transfusion B ood 
pressuie le\els were sustained at satisfnctory leiels 
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ineaburcd b) blood pitvssiiie £,naphs and (be general condition of the animals 
was obtained in all 

The pieliminar) clinical aiiplicalion shows the patient (Case i, Fig 5) 
not in shock, with a moderate elevation of blood pressure after 600 cc of 
I per cent buffeied j^ectm solution The bleeding time, coagulation time, 
and hvei function ueic not alteied The mastectomy patient (Case 2, Fig 
6) in shock leceived a small injection of 450 cc of the i per cent solution 
but the condition imjiioved steadily ovei a three-hour period The two 
patients leceiving injections instead of the usual transfusions during partial 
gastiectomy opeiations (Cases 3 and 4, Figs 7 and 8) maintained satis- 
faetoiy blood piessuie levels throughout Three additional operative cases 
and one normal individual have leeeived jjectin intiavenously without reaction 
or untoward lesults In the operative cases, especial attention was paid to 
the bleeding tune 111 the tissues of the opeiative wound but no ^anatlon from 
noi mal could be obsci ved 


SOM MAin 

(1) The intravenous use of jieetm solution as a blood substitute m shock 
IS proposed 

(2) One-half pei cent of puic pectin solution has about the same viscosit} 
and osmotic pressure as whole blood 

(3) Pectin has a high moleculai weight, is nonantigenic and nontoxic 

(4) Ihe source, method of manufacture, and the ease of piepaiing and 
stenli7ing stable buffeied solutions make pectin leadilj a\ai]able 

(5) Preliminary expci iinental and clinical application indicate that pectin 
solutions aie valuable in the management of shock 

(6) Theic is tempoiaiy retention of pectin in the blood and m the liver 
but excretion of the unchanged material in the in me is rapid 
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CANCER OF THE LIP* 

Mahtin, MD and 
WiLUAJI S MacCoiMb, M D 
Ni w YoiiK, N \ 

AND 

John V Bladi, MD 

PiiiiADHPiiiA, Pa 

PART I 

Cancer or the lip is the most ficqucnt but not the most fatal malignant 
neoplasm of the oial cavit} Unlike other mtia-oral cancers, it can always 
he diagnosed eail), and, except when a lesion is neglected and permitted to 
progiess to advanced and complicated stages, the tieatment, if intelligently 
conceived, is less ha/aidous and less difficult, technically, than that of most 
other serious forms of malignant growth 

The present report is based upon an intensive analysis of 375 consecutue 
cases of hp cancer, all histologically piovcd, admitted during the seven-) eai 
peiiod, 192S to 1934, and includes all patients with cancer of the hp who 
applied to oui clinic during that period, without exclusion of any because of 
an ad\anced stage of the disease Of the entire gioup, 99 patients (26 per 
cent) had lecened piCMOus tieatment by one of the accepted methods (sur- 
gery, radium, roentgenothera])y, endothermy or combinations of them) and 
w'ere admitted to our clinic with lesidual 01 lecuiient disease The treatment 
methods described are those w'hich ha\e been evolved at the Memorial Hos- 
pital dm mg the past 25 )eais, beginning w’lth the oiiginal radium technics 
of Janeway-*’ and Quick 

DcfinUwJi — Properly speaking, cancer of the hp is a mucous membrane 
tumor both anatomically and clinically, and, tlieiefore, the term should be 
limited to those lesions w’hich arise m the vermilion bordei 01 111 the mucocu- 
taneous junction of the lips Basal cell carcinomas (which never arise in 
mucous membrane) and all other giow'ths which develop on the skin apart 
from the vermilion bolder of the lips should not be included in this classifica- 
tion, but should be giouped with othei cancers of the skin of the face 

ETIOLOGY 

Genet al Incidence — Accoiding to the admission records of the Me- 
morial Hospital, cancel of the hp compiises about 30 pei cent of all malignant 
tumors of the oial cavity propei, about 20 pei cent of all cancer of the uppei 
respiratory and ahmentaiy tiacts, and about 4 pei cent of all admissions for 
cancer The latter figure is twice that lepoited by Widmann®^ (2 per cent) 
from the Philadelphia General Hospital, and by Stew'art'’® fiom the Steiner 

* From the Head and Neck Service, Memorial Hospital, New York, N Y 
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Clinic According to statistics fuimshed us by the Bniean of Records of 
New York City (1937),’’ cancer of the lip, despite its 1 datively high incidence, 
causes only 03 per cent of all cancer deaths, 01 one-fouith as many as the 
equally frequent cancel of the tongue (12 pei cent of all cancel deaths) 

Age and Sex — In the senes heiein repoited, the oldest patient was 
aged 88, the youngest aged 28, and the mean age foi the entire group was 56 
years The aveiage age as repoited by othei mvestigatois vanes between 
52^® and 65®® The majority (67 pei cent) of our cases occuned between 
the ages of 50 and 69, with about 40 pei cent aftei the age of 60 

In our clinic, the disease is limited almost entnely to males (98 per cent 
m the present senes) Othei mvestigatois-* have lepoited a female 

incidence langmg fiom i to 16 per cent The lepoits fiom the Scandinavian 
countries^’ - indicate that cancel of the hp is moie common among women 
there than it is m this countiy Ahlbom,^ m commenting upon this relatively 
high female incidence, suggests that it may be due to mucous membrane 
changes associated with achloihydiic anemia and the Plummei -Vinson syn- 
drome which are so common among women in Sweden 

Race — Cancer of the lip (like cancel of the skin) is moie freqnent in 
the white than in the coloied race, piobably foi the reason that highly pig- 
mented skins and mucous membianes are less subject to chronic nutation 
from physical sources (sunshine, weathei, chemical nritants, etc ) In the 
present series, all were of the white race It is obvious, howevei, that this 
compaiative regional immunity to lip cancer does not extend to the rest of 
the oral cavity, for it is well known that the Negio is paiticulaily subject to 
lingual and buccal cancer aiising on the basis of chionic syphilis While the 
records of the Memoiial Hospital contain a few cases of hp cancel m mulat- 
toes, so far as we know, none has occurred in a full-blooded Negio Hall”^ 
does not state whether or not the thiee Negioes leported in his series were 
full-blooded According to Brewer,'^ the disease is not uncommon m Negro 
women who are pipe smokers 

Position of the Grozoth — The disease occuis almost exclusively on the 
lower lip (93 per cent) In the present senes, only 6 pei cent of the lesions 
occurred on the upper lip and about i pei cent directly in one of the labial 
commissures Some authors leport much laiger relative percentages of cancer 
of the uppei lip, as for instance ForsseP® 25 per cent, and Widmann®'* 10 per 
cent Such figures are difficult to explain unless one assumes that these 
observers included basal cell carcinomas of the skin apart from the vermilion 
border of the upper hp, winch we believe should propeily be placed m the 
general group of skin cancers 

It may be of passing interest to note the peicentage distribution of hp 
cancer as regards the right and left sides, excluding, of course, those growths 
arising directly in the midline In the present series, 56 per cent occurred 
on the left Simmons*’*’ found 53 per cent of 108 cases on the left In most 
reports this factor is not mentioned In this connection, we were at first 

* Personal communication from Thomas J Duffield, Registrar of Records, New 
York, N Y 
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impressed by the additional fact that in a recent analysis of over 500 cases of 
tongue cancer at the Memorial Hospital, there was, likewise, a gi eater inci- 
dence (57 per cent) on the left Superficially consideied, these several data 
might seem sufficiently consistent to suggest an actual left-sided preponderance 
of mtra-oral cancer, but when the oldei literature is investigated, it is found 
that about an equal number of investigators have leported a iight-sided trend 
m lip cancer (Janowsky,-" Rowntiee,'’® Woiner,*’*’ and Loos^"^) Kennedy,'’” 
dividing the lip into three areas, found an equal incidence m the light and 
left thirds Since it is well-known that in the case of alternates the laws of 
chance favor moderate one-sided shifts lather than exactly equal distributions, 
especially when the number of cases is small, the cautious observer must 
conclude that such irregularities as those mentioned above aie purely coinci- 
dental 

Causative Facto) s — In lip cancer, the entire labial mucous memhiane 
usually shows some evidence of chionic nutation Such evidence may appeal 
in the form of a scaly cheilitis, excessive dryness, multiple keratoses, leuko- 
plakia, epidermization, or a tendency toward vertical folding and fissurmg 

In almost 20 pei cent of our senes, there was a definite history of frequent 
“fever blisters,” chapped lips, fissures, excessive sunhuin, 01 an habitual 
tendency to bite 01 chew the lips It is lathei difficult, however, to assay 
the relative etiologic significance of these and of the seveial other chronic 
irritants and their resultant mucous memhiane changes, wdnch will he de- 
scribed below 

Climate, E'lposwe to Weathci, and Occupation — It has been repeatedly 
noted in the literature that cancer of the lip (as well as of the exposed skin 
of the face and hands) is common in outdoor w'oikeis such as fanners, sailors, 
ranchers, etc , who undergo unusual exposure to the diy, nutating effects of 
the wind and sun By virtue of its position, the lower hp (especially in 
prognathism) is more subject to such effects than is the upper hp, wdnch may 
be additionally protected by a mustache It is w'ell-known that exposuie to 
cold and salt spray produces keratoses of the exposed skin and lips m sailors 
Cowaffi® has recently discussed the high incidence of facial skin and hp cancer 
m the general population in the mountainous plateaus of Utah The climate 
m these high altitudes combines to an unusual degree such factors as dryness 
of air, alkali dust, unmteiiupted sunshine during the daylight hours, and a 
high component of actinic ladiation thiough an atmospheie which is usually 
clear of clouds and smoke 

In the present series of patients, diawii mainly from an uihan population, 
the percentages of outdoor and indoor workers were about equal It is prob- 
able, however, that no special significance can he attached to these figures, 
since the normal occupational distiihution m a laige metropolitan center is 
impossible of accuiate determination Lane-Claypon,’- m a series of about 
1,000 cases collected fiom the hteiatuie reports that ovei 80 per cent occurred 
among outdoor w^orkeis, hut she gives no infoimation as to the occupational 
distribution in the population samples, except in the lepoit of 176 cases by 
Janowsky,-' who found the piopoition of outdoor woikers in his hp cancer 
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gioup to be about the same as m the geneial population fiom which his cases 
weic diawn Ahlbom^ states that 90 pci cent of his patients were outdooi 
woikeis, but he fails to give the noimal occupational distiibution of the gen- 
eial Swedish population 

It has seemed significant in a few individual cases in oui senes that a 
caipenter 01 cobblei has given a histoiy of habitually holding nails in the 
mouth, a practice which the patient himself has quite reasonably believed to 
be the cause of Ins cancel 

Tobacco — ^That the smoking of tobacco in itself is directly responsible 
for the development of intia-oial cancel, is an old belief which, though 
undoubtedly founded in fact, nevei theless, is not well-supported by any 
statistical evidence thus fai adduced We refei here to the general effects of 
tobacco and not to those relatively laie instances in which cancer may arise 
on the lip at a point wheie the tiansinitted heat and the rough surface of a 
clay pipestem combine as chronic irntants in so-called “pipe-smoker’s” cancer, 
or to those instances in which cancel aiises m the leukoplakic tongue of an 
excessively heavy sinokei In about ii pei cent of our series, the patients 
gave histones of irritation fiom a pipestem 01 a tendency of cigarettes to 
stick to the hp at or near the site of a subsequently developing growth 
Although in some of these instances a causal relationship is probable, we 
believe that, on the u hole, no gi eatei credence should be given to such state- 
ments by patients than to the aveiage alleged association between a trauma 
and a subsequentl> developing cancel At any late, it is obviously not so 
much the tobacco po sc which is responsible in these cases, but rather the 
excessive indulgence and the mechanical contrivance used 

When an attempt is made to prove such an effect of tobacco statistically, 
the calculations, in our opinion, always remain inconclusive In our senes 
of lip cancers, over 70 per cent of the patients admitted the use of tobacco 
m some form, and similar one-sided figures have been employed frequently 
to prove a direct causal lelationship, disiegaidmg the fact that normal healthy 
adults are addicted m about the same degiee To investigate this subject 
thoroughly, one would be faced with such difficulties as evaluating the relative 
effects of various degrees of indulgence, the influence of recent or remote 
past addiction, and the several forms of the habit 

We suspect that the emphasis often placed upon the cancerigenic influence 
of the tobacco habit is to some extent influenced by the ubiquitous moralistic 
propaganda against the “filthy weed ” Once raised, the question has been 
discussed to a far greater extent than its importance merits in attempts at 
honest appiaisal by the moie open-minded and toleiant Although admittedly 
an important factor in a few individual instances, the pioduction of cancer 
is certainly one of the less haimful effects of tobacco One often encounters 
similar Puritanic overemphasis wuth regaid to the role of alcohol m the causa- 
tion of various diseases 

Syphilis In the present series, the incidence of syphilis, as shown by 
positive Wasseimann tests, was about 10 per cent This figure is almost 
twice the geneial incidence, namely, 6 per cent, in white males of a correspond- 

229 



MARTIN, MacCOMB AND BLADY ^naU of SurReiy 

All gu s t 19 41 

ing age (56 years), accoidmg to Usilton «« The disparity of 4 per cent be- 
tween these two figiues indicates the 1 datively moderate influence of syphilis 
111 the etiology of cancer of the lip The published percentages of syphilitics 
among lip cancer patients vaiy fiom 2 per cent-*’ to 20 pei cent The degen- 
erative mucous membiane changes produced by chronic syphilis (chronic 
glossitis, leukoplakia, etc ) are much moie pronounced 111 the tongue and 
mucosa of the cheeks than m the lips, and it is obvious, therefore, that syphilis 
should be less prominent in the etiology of cancer of the hp than m giowths 
in these othei intra-oral sites 

Defects in Dental and Oial Hygiene — The lips are also less subject to 
chronic iriitation from sharp 01 worn teeth than aie the tongue and the buccal 
mucosa, but occasionally a causal relationship is suggested by one or two 
veiy sharp teeth m the lowei jaw opposite the growth In the present senes, 
however, direct dental irritation could be demonstrated but rarely, and 13 pei 
cent of the patients weie edentulous In only about 5 per cent was it noted 
that the dental hygiene was good, but m mteipretmg this figure one must 
consider that the great majoiity were clinic patients m whom, as a class, good 
dental hygiene is rare 

Leukoplakia — In the present series, no caieful loutine survey was made to 
discover very early or slight evidences of leukoplakia, but m about 28 per 
cent of the patients, well-established, easily demonstiable leukoplakia was 
noted on the lips, the tongue, or the cheeks The piesence of some degree 
of leukoplakia in the 01 al mucous membianes aftei middle age cannot be con- 
sidered particularly abnormal since, in the majority of cases, it represents 
simply a response of the mucous membrane to mild chronic iiritation and, 
as such, IS a part of the natural aging process compaiable to the almost uni- 
versal mild senile changes, including keratosis of tlie skin, which begin at, or 
soon after, middle age 

In a lecent investigation cairied out at the Memoiial Hospital, 100 males 
and 100 females, all ovei 40 years of age, and without any intra-oral com- 
plaint, weie carefully examined foi intra-oral leukoplakia Some degree of 
leukoplakia was found in 50 per cent of the males and in 10 per cent of the 
females, so slight m many instances, however, that the condition u ould usually 
be overlooked in the average examination In 12 per cent of the males, the 
lesions were well-established and easily recognizable even on cursory inspec- 
tion Some idea of the etiologic significance of leukoplakia in lip cancer can 
be obtained by comparing the incidence of well-established leukoplakia 111 our 
series of lip cancers (28 per cent) with the above-mentioned 12 per cent m 
the otherwise normal adult male population 

Acute 01 Chionic Tiaunia — In any large seiies of cancel cases, there are, 
invariably, some patients who attribute the beginning of the growth to an 
acute trauma In the piesent senes the following were alleged A cut with a 
razor, an abrasion by a corn stalk, an injury with a lollypop stick, a blow 
with the fist, severe accidental biting of the lip, and a scratch by a fish bone 
It IS our opinion that 111 most such instances the injuries were purely coinci- 
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dental, since we doubt the capacity of a single acute trauma to produce cancel 
in an otherwise noimal mucous membrane 

Contact Implantation of Cancel — It has been believed by many that cancer 
can be transplanted by contact fiom a primal y lesion to overlying mucous 
membrane Instances of this cbaractei have been lepoited as occurring from 
one bp to the otbei, fiom one oral mucous membrane to another, fiom one 
wall of the rectum to the opposite, etc To the suigeon who has pei formed 
tissue tiansplants, such as skin, fascial, tendon, and othei such grafts, undei 
necessarily aseptic technic, the possibility of the accidental grafting of an 
infected surface cancel to an unhioken opposing mucous membrane appears 
exceedingly remote It seems to us that the repoited instances^- of contact 
implantation from one lip to the othei are undoubtedly cases of multiple cancel 

HISTOPATHOLOGY 

Histologic examination will reveal some foim of squamous carcinoma in 
practically all lip cancels About half of our cases weie squamous carcinoma 
Grade II, and one-third were Giade I, with Giades III and IV making up less 
than 2 per cent In oui opinion, the reported instances of basal cell caicmoma 
occurring on the lip should not piopeily be included in this group, since, as 
previously mentioned, they obviously arise in the skm apait from the veimilion 
border and, therefoie, should be classified with othei facial skin cancels To 
include these basal cell giowths tends only to confuse and obscure the true 
clinical significance of the teim cancel of the lip Adenocai cinoma arising in 
the minoi salivary and mucous glands of the lip occuis occasionally, but theie 
was none in the piesent series Spindle cell caicmoma was found in three 
cases This rare and highly malignant tumor usually arises in scar tissues, m 
most cases either in the mucous membrane of the hp oi m the adjacent skin 
One of us (H M ) and Stewait^’^ have recently leported eight cases of 
this tumor, foui of which occuired in the legion of the lips 

SYMPTOMS, MORBID ANATOMY AND CLINICAL COURSE 
In Its eaily and model ately advanced stages, hp cancer is a relatively 
benign disease, and the first and almost the only symptom is the piesence of 
the primal y lesion Even in the advanced stages the giowth on the lip itselt 
disturbs no vital function, and foi this leason, in most of the unconti oiled 
cases, death is due to dissemination of the disease eithei to the cervical nodes 
or, less often, to the viscera If untreated, the clinical course is usually slow 
and of long duration, and the patients, as a rule, lemain in faiily good geneial 
condition until the disease is far advanced In this senes, the average length 
of life of the unsuccessfully treated patients was about 43 months after the 
onset of symptoms 

The Pumaiy Lesion — Frank ulceration of the growth accompanied by a 
definite alteration m the surface contour of the lip is seldom a prominent early 
finding, but it practically always occurs when the lesion has 1 cached a size of 
5-7 mm In some instances, the first objective symptom is a firmly attached, 
superficial crust or scale rather than a true ulcer (Fig i) Bleeding occurs 
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Tig I — Eirlj cmcer of the hp Most patients with lip cancer seek medical ad 
\ice when the lesions are between i and i s cm in diameter At this stage the lesion 
commonlj consists of a flat slightl> raised painless and iiontender ulcer of about ten 
to 12 months’ duration The edges tend to be raised and rolled At this stage 
metastasis has taken place in about lo per cent of cases, as judged on the basts of the 
clinical presence of inioUed nodes on admission or their later deielopnient after 
control of the primari lesion (A) Before treatment (B) Healed condition after 
loentgcnotherapj showing minimum of scarring and cosmetic deformit> 


\ 


B 



Fig 2 — Moderateb advanced cancer of the lip When lower lip cancer approaches 
2 cm in diameter, there is usually marked ulceration of the surface The growth may 
fungate or there may be an excaaated ulcer with indurated edges and infiltration to a 
depth of 8-10 Mm Metastasis has taken place in about 15 per cent of the cases, as 
determined by the clinical presence of metastatic nodes on admission or their later de 
aelopment after control of the primary lesion (A) Before treatment (B) Healed condi 
tion after treatment b\ combination of external and interstitial radiation 
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per cent i i and 2 cm , 13 per cent between 2 i and 3 cm , and 15 per cent 
over 3 cm In 15 cases (4 per cent), practically the entire lower lip was 
involved when the patients applied to our clinic 

When the growth becomes more advanced, it usually presents a flat, slightly 
raised, coarsely granular and indurated ulcer which fixes and renders inelastic 
the volume it occupies (Fig 2) Sometimes the edge of the ulcer becomes 
raised, rolled, and slightly undermined After reaching this stage, the growths 
may be classified into two general groups (i) The less malignant, which 
fungate from the surface without deep infiltration or erosion, and (2) the 
more malignant, which tend to invade deeply and eiode the substance of the 
lip Fungating tumors may reach a size of 6 ~y cm with little or no local 
destruction of tissue On the other hand, bulky tumors may infiltiate deeply 
with only a moderate degree of ulceration and erosion (Figs 3 and 4) In 
still other instances, there is wide ulceration and destruction of the hp without 
deep invasion Various other combinations of these clinical foims may occur 
After a period of one to two years, the growth often extends into the cheeks 
past the commissures into the gingivobuccal gutters, onto the lower alveolus, 
and even into the floor of the mouth The pi ogress of the disease is sometimes 
so slow that after two 01 three years the growth may be only 3-4 cm m 
diametei without evidence of cervical metastases 

The aveiage duration of symptoms before admission m the present senes, 
from patients’ statements, was about 15 months, which is an indication of 
the slow and lelatively benign course of this tumor The shortest duration 
was two weeks, as stated by a patient whose lesion was 2 cm in diameter on 
admission, a size which indicated a much longer duration The longest alleged 
durations were 15 and 17 years, respectively, m both of these cases the patients 
gave histones which, though inadmissible without further proof, weie never- 
theless difficult to refute 

Cancel of the Upper Lip — This anatomic form of the disease is relatively 
uncommon In our series there were 21 cases (6 per cent) As has been 
previously stated, the upper lip is less subject to chronic irritation than the 
lower, and malignant growths of the upper lip follow the general rule that 
spontaneous cancer is more malignant than that which arises on the basis of 
chronic iiritation These upper lip cancers usually ulcerate soon after they 
arise, glow rapidly, and metastasize early to the jareauncular and/oi infra- 
parotid lymph nodes, where the growth soon pei forates the node capsule and 
infiltrates widely In our 21 cases, metastases eventually occuried m ten (48 
per cent), as compared to 30 per cent in the lower lip Sei'en of the patients, 
with upper hp cancers which metastasized, eventually died (33 per cent) 
The prognosis of cancer of the upper hp is definitely woi se (41 pei cent five- 
year cures m the determinate gioup) than cancer of the lowei lip, and the 
clinical course fiom the onset of symptoms in uncontrolled cases is relatively 
short (21 months in our fatal cases as compared to 43 months m lower hp 
cancer) 
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METASTASES 

As a rule, metastasis m lip cancer occiu s later m the course of the disease 
than m cancel of the tongue, flooi of the mouth, or tonsil In the present 
senes, despite an average duiation of the piimaiy lesion of 15 months, the 
incidence of palpable metastases on admission was only 29 per cent After 
admission, about 8 pei cent subsequently developed metastases, so that, finally, 
a total of about 37 pei cent presented metastases some time during the course 
of the disease In this seiies, therefore, 63 pei cent of the cases had no 
metastases at any time — indicative of the factor which, more than any other, 
is responsible foi the lelatively high cure-iate m lip cancel When the primary 
lesion was undei i cm in diametei, the incidence of palpably metastatic nodes 
on admission was only 3 per cent When the diameter was less than 2 cm , 
the incidence increased to about 8 pei cent 

Except when the disease aiises on the upper hp, the position of the first 
node involved and the later pi ogress of cervical metastases tends to be rathei 
oiderly, that is, the nodes most often involved are the submaxillary (over 
50 per cent of the cases wdnch metastasize) or submental (about 8 pei cent) 
of the corresponding side, with orderly progression from these areas to the 
uppei deep cervical and latei to the middle and lower deep cervical regions 
These orderly tendencies depend not only upon the well-differentiated and 
lather uniform histolog}- of the grow'ths in this area, but also on the anatomy 
of the lymphatics of the lip Crossed 01 bilateral metastases may develop, 
especially when the pi imary lesion is near to 01 crosses the midline of the lip 
In the present series, theie were bilateral submaxillary metastases in about 
1 1 pel cent of the lesions which metastasized 


Table I 


Incidence or Cervical Metastases m Lip Cancer 
According to Size of Primary Lesion 




Present on 

Developed After 

Total Developed 

None at 

Size of Lesion 

No of Cases 

Admission 

Admission 

During Course 

Any Time 

Under i cm 

33 

I ( 3 %) 

I ( 3 %) 

2 ( 6 %) 

31 ( 94 %) 

I to I 9 cm 

II8 

10 ( 8 %) 

1 1 (9%) 

21 (17%) 

97 (83%) 

2 to 2 9 cm 

49 

11 (22%) 

5 ( 10 %) 

16 (32%) 

33 ( 68 %) 

3 cm and over 

60 

29 (48%) 

8 (13%) 

37 (61%) 

23 ( 39 %) 

Entire lip 

S 

2 (40%) 

0 

2 (40%) 

3 (60%) 

Not stated 

48 

37 ( 77 %) 

2 ( 4 %) 

39 (81%) 

9 (19%) 

Total 

313 

90 (29%) 

27 ( 8 %) 

II7 (37%) 

196 (63%) 


The incidence of ceivical metastases m relation to the size of the primary 
lesion on the lip is given in Table I It is interesting to note that metastases 
occasionally occur very early when the lesions are i cm or less in diameter 
on admission (3 per cent) In our series, the incidence markedly increased 
with the size of the lesion up to 2 cm Between 2 and 3 cm diameters, the 
incidence of metastases on admission more than doubled, and again increased 
by about 50 per cent m lesions over 3 cm Following control of the primaiy 
lesion, the subsequent incidence of metastases increases only slightly as the 
size of the lesion increases, and it would appear that if a growth has reached 
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a size of moie than 3 cm without metastasizing, the chances of subsequent 
development of metastases is veiy shglit (13 pci cent) 

Once metastases fiom the hp have developed, then fuithei dissemination 
tends to be somewhat less lapid than m many othei foims of mtra-oral cancel 
If not conti oiled, the growth finally peifoiates the capsules of the nodes, 
mfiltiates the suiioundmg tissues, and becomes fixed to the mandible 01 othei 
deep structures and eventually to the skin Such nodes often suppurate, 
per f 01 ate the skin, and chain on the surface Until the advanced stages, 
however, metastasis fiom hp cancel tends to remain above the level of the 
clavicle, although geneial dissemination eventually occurs more fiequently 
than is usually leahzed In a survey of the autopsy lecoids of the Memorial 
Hospital, It was found that 111 14 patients dead of hp cancel, visceral metas- 
tases had occuiied in foui (29 per cent) Dissemination below the clavicle 
should occui even more often from cancel of the tongue 01 the pharynx wheie 
the lelative pioportion of anaplastic giowths is higher Autopsies on 50 
patients dead of tongue cancel, at the Memoiial Hospital, levealed distant 
metastases in 20 (40 pei cent) 

In a suivey of the hteratuie, we have been unable to find othei conclusive 
data on the subject of visceral metastases m hp cancer Burke'’ and Piice’’’* 
leport that in foui and eight autopsies, 1 espectively, on patients dead of hp 
cancel, there weie no metastases below the level of the clavicle Although 
these findings differ fiom ours, the fact remains that the total number of 
autopsies 111 all these series is not gieat Oui small series of lip cancel 
autopsies may have shown an abnoimally laige percentage of disseminated 
metastases, and it may be a coincidence only that the cases of Burke and Price 
showed none On totaling these three senes (26 cases), how’^ever, the inci- 
dence IS still about 15 per cent It is more difficult to explain and to accept 
the validity of the conclusions diawm by Crile,’^'* who leports that Hitchings, 
m a collected series of 4,500 patients dead of cancer of the head and neck 
(not hp cancer alone), found that less than 1 pei cent show^ed distant metas- 
tases One wdio has closely follow^ed the teimmal stages of the various forms 
of intia-oial cancel, and has seen autopsies m laige numbeis of these cases 
cannot help w^ondeiing what actually caused death m Hitchings' collected 
senes, if less than i per cent had visceial metastases Is it possible that many 
of them were postoperative deaths following neck dissection 01 excision of the 
pnmaiy lesion^ Crile does not state wdiether the anatomic diagnoses Avith 
reference to geneiahzed metastasis were confirmed by postmortem examina- 
tions, but 111 the absence of such a statement it seems probable that most of 
the final diagnoses were made on clinical obsenations alone If a large 
percentage of Hitchings’ senes were postoperative deaths, then it is obvious 
that the cases must have been operable and fairly early, and that for this 
leason alone dissemination of the disease below the level of the clancle w^ould 
have been rare 

Anatomy of the Lymphatics of the Lip — According to Most,'**’ Sassiei,’’- 
and RouviereP” the lymphatics of the lower hp arise in the vermilion border 
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as a fine capillai}^ nelwoik (Fig 5) This netwoik comliines to foim seveial 
main collecting trunks which lun downwaicl ovei the chin into the submental 
and submaxillaiy regions In the inidhne, there ate faiily numerous anasto- 
moses uhich account for the lathei fiequent crossed 01 bilateral metastases 



Fig s — Anitomj of the Ijmplntics of the lip (After 
RouMere t'J) The Ijmplntics of the lower Up drim into the 
suhmental, swbmaMllarN and, e\entinlly, into the upper deep 
cervical l>niph nodes Metastases niaj occur on the side opposite 
the lesion h> anastomosis across the midliiie The Ijmphatics of 
the upper lip drain into the preauncular, the infraparotid, the 
submaxillar! , or the submental nodes 

from growths which are near to 01 cross the midhne All of the lymphatics 
of the lowei lip chain into the submaxillaiy and submental lymph nodes Of 
the latter node groups, the most important is the submaxillaiy, which lies 
under the lower edge of the mandible at the crossing of the facial vessels and 
consists of the pievasculai and 1 eti ovasculai nodes, lespectively The sub- 
mental region contains a group of several nodes Both the submaxillary 
and submental groups dram into the upper and sometimes into the middle 
nodes of the jugular chain 

The lymphatics of the uppei hp diain into four node groups, namely, the 
preauncular, the infrapaiotid, the submaxillaiy, and tbe submental In oui 
experience, the first metastases fiom the upper lip occur most often in either 
the preauncular 01 infiapaiotid nodes and then piogess rapidly to the upper 
and middle nodes of the jugular chain 

DIAGNOSIS 

Although the physician as well as the patient may fiecjuently piociastinate, 
one seldom finds such serious errors in the diagnosis of lip tumois as aie 
made in lingual cancer, vheie growths are often treated for long periods 
under the mistaken diagnosis of syphilis 01 dental tiauina Except for those 
lesions which are discussed below, the hp is not particularly susceptible to 
any disease likely to be mistaken for cancer, 01 vice vcisa There is no 
portion of the anatomy which is under closer observation by the patient and 
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his friends than the lips, and no abnormality in this region can long escape 
attention Delay in diagnosis and treatment (averaging about 15 months in 
our senes) is due mainly to the absence of distressing subjective symptoms 
In 10 per cent of the present series, the first physician consulted had pre- 
scribed topical applications of various sorts (usually salves) foi peiiods of 
several weeks or months Such lack of diagnostic acuity can be ascribed 
mainly to indolence on the part of a physician who may hesitate to make any 
positive diagnosis which would entail a more definite recommendation for 
active and aggressive treatment 

Although it may seem heretical from the standpoint of cancer education 
to say so, our figures indicate that a moderate delay m diagnosing lip cancer 
does not affect the prognosis, for in the present series the cure-rate, m lesions 
up to r cm in diameter (moderately advanced), was 100 per cent The main 
advantage of early diagnosis is the superior cosmetic result m smallei lesions 
following treatment by either radiation or surgeiy 

Biopsy IS essential foi purposes of record in hp cancel as m all othei 
forms of this disease In small lesions (3-4 mm in diametei), the lemoval 
of a biopsy specimen before treatment is usually not practicable, and if 
treated by radiation these eaily cases, lacking histologic confirmation of the 
diagnosis, should not be included for statistical purposes as cured cancer 
If treated surgically, the excised tissue is always available for histologic 
examination In lesions ovei 3-4 mm , a small wedge should be taken in all 
cases before treatment by radiation, ^\hell treated surgically, the question 
of preoperative biopsy in these lesions is the responsibility of the surgeon 
In some cases, the clinical diagnosis may be so obvious as to lender biops} 
unnecessary, but to widely excise a tumoi of the lip under a mistaken clinical 
diagnosis of cancer should be considered a repioach to the operatoi 

Papilloma — The lower lip, like all other oral mucous membianes, occa- 
sionally gives rise to papilloma Although such benign lesions usually 
present the warty, fungatmg appearance typical of papillomas elsevchere, 
there may occasionally be frank ulceration and some erosion In typical 
lesions, the diagnosis may be suspected from the clinical appearance but 
should always be confirmed by biopsy (repeated if necessaiy), the specimen 
being taken from the edge and base rather than from the apex or the surface 
of the growth From the practical standpoint alone, and aside from purposes 
of record, accurate diagnosis m these cases is of minoi importance, since 
the treatment for cancer and papilloma is the same 

Keratoses of the Ltp — In persons who spend much time out of doors, 
sunburn, chapping, and Assuring of the lower lip fiequently occur, and the 
mucous membrane undergoes definite changes resulting eventually m epi- 
dermization and leukoplakia Keratoses often occur and may be single or 
multiple and cover large areas of the lower lip In peisistent cases of this 
character, the diagnosis as to the piesence of early cancel may be not only 
difficult but impossible When such suspicious precancerous lesions aie wide- 
spiead, radical treatment, either surgical or radiologic, to the entire lower 
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Up IS rarely justified Even when cancer eventually develops in these doubt- 
ful cases, the clinical course is lelatively slow, and, therefore, one may with- 
hold aggiessive treatment until there is definite clinical evidence of cancel 
in the form of a progiessive lesion persisting at one or more points foi 
periods ot several weeks oi months While under such observation, the lip 
should be protected fiom further exposure to sun and weather mg and treated 
by the application of such protective ointments as cocoa butter Once decided 
upon, the tieatment of doubtful keiatoses, whether by radiation or surgery, 
should be just as thoiough as when the diagnosis of cancer is certain 

Heipes — An apprehensive patient frequently seeks medical advice because 
of herpes, a lesion which may persist through its various stages for several 
weeks before healing The history of its sudden appearance with pain is 
one of the most valuable points in diflferential diagnosis 

Syphilis — Primary chancre and secondary syphilids may occur on the 
lower lip, and their chionicity and the relative absence of pain and tenderness 
may raise some doubt as to the possibility of cancer Since any syphilitic 
lesion of the lip is extremely rare, this question of differential diagnosis is 
of little piactical import Apparently, this fact is not universally appreciated 
by the medical profession, for in seven cases of our present series (2 per 
cent) antiluetic treatment had been given over periods of several weeks to 
months before the correct diagnosis of cancer of the lip was suspected 
Simmons^^ has reported cancer developing m the scar of a chancre which 
had been present two years previously 

Other benign lesions such as tuberculosis, simple ulcers, retention cysts, 
muscle xanthoma, and hemangioma are either rare or present no problem 
in differential diagnosis 

Diagnosis of Ceivical Metastatic Cancel — An essential finding for the 
clinical diagnosis of cervical metastatic cancer is the palpable presence of 
enlarged lymph nodes, without which it must be assumed for all practical 
purposes that metastases are absent The fact that cervical lymph nodes are 
palpable, however, does not necessarily mean that they have been invaded by 
cancer, nor does it signify even that they are enlarged A careful search 
will reveal palpable cervical lymph nodes in about 50 per cent of all normal 
persons (at the lower edge of the mandible at the crossing of the facial 
vessels, in the submental regions, or m the carotid bulb area), and, therefore, 
case histones which state that “nodes are not palpable” are confusing since 
the reader is left uncertain as to whether the examiner mistakenly considered 
that all palpable nodes were metastatic or otherwise diseased 

(In many published reports on intra-oral cancer, cervical “glands” are spoken of as 
being “present,” "absent,” “palpable,” “enlarged," “soft,” “hard,” etc , and when no con- 
firmatory histologic data are given the helplessly confused reader is left to interpret the 
clinical significance of such vague observations and terminology The fault here is twofold 
In the first place, the examiner has evaded the responsibility of stating whether or not he 
believes metastases to be present If the examiner expresses no definite opinion, how 
can the reader be expected to form one on such equivocal evidence ^ In the second place, 
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tliL term “gland” oi “cervical gland” is inexplicit and confusing While we concede that 
the term “lymph gland” has the sanction of anatomists, it should be remembered never- 
theless that the neck contains many glands beside those in the Ijmphatic system, namely, 
the parotid salivary, the submaxillarj salivary, the thyroid, and the parathyroid It is 
unfortunate, therefore, that the term “gland” should ever have been applied to cervical 
lymph nodes, since such a designation is too inclusive and apparently has led many physi- 
cians to believe that metastasis commonly takes place in anj or all of these various glands 
This error is often a cause of anxiety to the inexperienced who discover the presence of 
palpable but otherwise normal thyroid and submaxillary or parotid salivary glands If 
the term “node” or “Ijmph node” were used instead of “gland” or “Ijmph gland,” much 
of this confusion would be eliminated ) 

Many writers infer that palpable lymph nodes must be either “metastatic” 
01 “inflammatory,” a conclusion which does not necessaiily follow In cases 
wheie theie is maiked intra-oral and dental sepsis or an infected cancer, 
sepsis, alone, may obviously be responsible for some enlargement of the 
cervical lymph nodes In the absence of other symptoms or of abnormal 
enlargement, moderate bilateial and syminetiic palpability of lymph nodes 
IS presumptive evidence of then benign chaiacter The unilateral oi asym- 
metiic enlargement of one or moie nodes is always indicative of a serious 
pathologic piocess, and when accompanied by induration without tenderness 
this finding is one of the most valuable cnteiia in the diagnosis of metastatic 
cancel 

Accuiacy in the clinical diagnosis of metastatic lymph nodes is achieved 
only by experience, and by repeatedly checking definite preoperative opinions 
against postoperative histologic examinations or aspiration biopsies In 
clinics, where routine neck dissections are peifoimed for both piophylactic 
and dilative purposes, the accuiacy of clinical diagnosis appears to be low 
(fiom the published repoits,-® '’® 20-33 pei cent) even in cases where 
the nodes aie said to be “palpable” Tayloi and Nathanson,“® in leportmg 
a collected series of hp cancel, state that out of 186 neck dissections, “pal- 
pable” nodes were histologically positive m only 17 pei cent Kennedy,'**’ 
in a similar collected series of 64 patients, in whom “no nodes were felt,” 
found that 14 pei cent were positive when histologically examined These 
authois were not themselves personally responsible foi the accuracy of the 
diagnoses 111 these cases which weie collected from general hospital admis- 
sions, the clinical desciiptions weie made by a number of obseivers — in man) 
instances, probably by junioi members of the house staff These findings, 
therefore, should not be taken to lepresent more than the judgment of the 
aveiage examining physician who may have little special inteiest in cancer 
The decisions to operate and the operations themselves in the above- 
mentioned senes weie also divided among a numbei of surgeons For these 
reasons, what appeals to be such inaccuiacy m diagnosis is probably not 
representative of the best effoit of the surgeon who perfoims neck dissec- 
tions In any event, rather indifferent diagnostic skill must be expected 
when the treatment is the same (neck dissection) whether nodes are said to 
be “palpable,” “not palpable,” 01 otherwise Especially Avhere prophylactic 
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neck dissections aie loutine, the ouditns necessaiy toi leasonable 

aecinacy in diagnosis is siipeifluous, and, theiefoie, is not likely to be 
developed With legaid to metastatic lymph nodes, it the teim “palpable’ 
weie used only m its stiict adjectival sense and lost all sanction as an 
expression of the clinical diagnosis, this fault would soon be lemedied 

TREATMENT OP CANCER OF THE LIP 

As is also tine in most otbei intia-oial tumois, the tieatment of cancer 
of the bp consists of two sepaiate problems (i) The caie of the pnmaiy 
lesion, and (2) the ceivical metastases 

The geneial plan of management should be based on a consideration of 
the special anatomic and clinical featuies of this foim of the disease Cancel 
of the lip can m most cases (at least 65 to 70 pei cent) be diagnosed eaily 
and treated before metastasis has taken place In evaluating tieatment 
methods for the piimary lesion, it is of significance that the lowei hp is 
readily accessible to both suigeiy and radiation Radiation methods may be 
employed in adequately heavy dosage with the neighboring noimal tissues 
adequately shielded from undesirable reactions Laige poitions or even the 
whole of the lowei hp may be excised and leplaced by plastic lepair without 
gieat difficulty Foi these reasons, eithei ladiation 01 surgeiy can be 
employed with equally good chances of cuie in the uncomplicated piimaiy 
lesion The selection of the treatment method in an individual case must, 
therefoie, be made upon some basis othei than the supposed superiority of 
one or the other method from the standpoint of cui e alone — the most impoi - 
taut considerations being the cosmetic lesult and the expediency of one 
paiticulai method as regaids its availability, the training and experience of 
the suigeon, the period of morbidity, and the general condition of the patient 

A survey of the hteiature wall iCA'eal that a numbei of methods with 
vaiying technics, both suigical and ladiologic, have been used successfully 
for the treatment of the primary lesion in this disease These methods 
include surgical excision, cauteiy excision, electrodesiccation, loentgeno- 
theiapy, surface and contact radium application, inteistitial ladon seeds and 
needles of radium and radon (- Those who have had 

bioad experience with these several methods will agree that none has any 
exclusive superiority over the others in all stages and clinical foims of the 
disease, either from the standpoint of cure 01 the functional and cosmetic 
result The coniparative merits of radiation and surgeiy in the tieatment 
of cancel m geneial cannot be very convincingly pioved by the end-iesults 
of either in cancer of the hp It is significant that pioponents of the exclusive 
use of one or the othei of these methods commonly present the results 
obtained m the treatment of early lip cancer as pi oof of the merits of one 
particular method to the exclusion of the other for all malignant tumors 
Cancer of the hp is the least malignant anatomic variety of intra-oral cancel , 
and except m the latei stages the prognosis is reasonably good ivith anj^ 
accepted method piopeily employed In the advanced cases where unusual 
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difficulty IS encountered, the fan -minded surgeon will gratefully and willingly 
employ all worth while methods m combination 

The time-honoied method for the treatment of lip cancer is surgical 
removal in the form of a V-shaped wedge for smaller giowths and of 
extensive plastic procedures foi tliose more advanced While capable of 
curing the local lesion in piactically all early cases, if properly applied, these 
surgical procedures always pioduce cosmetic defects, the gravity of which 
depends on the extent of the excision Since the lower lij) is such an impor- 
tant stiucture fiom the cosmetic standpoint, radiation measures have long 
been preferred by many, especially in the earlier lesions When judiciously 
employed, such treatment will produce a high percentage of cuies with a 
minimum of deformity 

On the other hand, when a lesion is further advanced and when it has 
replaced or eroded a volume of i 5 cm or moie of the lower lip, the treat- 
ment, even by radiation, may leave a tissue defect or a marked sclerosis 
Fiom the functional and cosmetic standpoints, these ladiation sequelae 111 
the advanced cases may be moie undesirable than the deformity following 
surgical removal Such remaining radiation defects often require plastic 
lepair after healing, and in these, since a perfect cosmetic result is unattain- 
able by any means, surgical excision in the beginning is often the more 
practical and expeditious method Certain other widely infiltrating lesions 
are often best dealt with by combinations of radiation and surgery 

As has already been mentioned, the management of the ceivical metastases 
presents a problem separate from that of the primary lesion Considerable 
controversy exists as to whethei prophylactic treatment, either radiation or 
surgery, should be used m the absence of clinically positive metastases 
There is also a difference of opinion as to whether surgery or radiation is 
the more efficacious in the treatment of actual metastases We believe that 
an unbiased consideration of these controversial questions will demonstrate 
that, as in most controversies, the truth lies between the extreme viewpoints 
In the discussion which follows, we shall attempt to present a fan appiaisal 
of the relative merits and specific advantages of ladiation and surgery m the 
several clinical forms and stages of lip cancer 

The methods about to be described are those developed at the Memorial 
Hospital during the last 25 years, beginning with the radiation attempts m 
1914 by the late H H Janeway,-® a surgeon who was one of the first to 
substitute radiation for surgical excision in the treatment of early lip cancer 
As will be seen later, the methods now in use consist of either radiation 01 
surgery or a combination of the two, depending upon the clinical course of 
the given case 

TO BE CONTINUED 
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The postoperative pulmonary complications that aie usually encounteiecl 
are of two general types those due to the letention of bronchial secretions 
and those due to emboli Although emboli® are responsible foi a cei- 

tain percentage of complications, ue believe the great majoiity of instances 
of postoperative pneumonia and atelectasis are the result of retained bronchial 
secretions The emphasis m this paper will, therefore, be upon the complica- 
tions resulting from the retention of bronchial secretions Paiticular con- 
sideration will be given to the early recognition of the presence of bronchial 
secretions, to the measures for preventing the retention of secretions and 
to the methods for promoting bronchial drainage when retained secretions 
are present When bionchial secretions occur as a result of septic or aseptic 
emboli, they must be managed in the same way as secretions due to other 
causes 

The development of postoperative complications when due to retained 
bronchial secretions is dependent upon two causes One is the piesence of 
bronchial secretions, which may be due to a mild preexisting inflammation of 
the respiratory tract, to the entrance of pharyngeal secietions into the bron- 
chial tree either during or following operation, or to the foimation of bronchial 
secretions postoperatively The second cause is the decreased respii atory and 
cough efficiency associated with the operation 

The incidence of postoperative atelectasis and bronchopneumonia is im- 
portantly influenced by several factors The location of the o perative sit e 
has an important influence in determining the frequency with which these 
complications are encountered They are noted most often following upper 
abdominal operations,^® and their incidence following gastric operations is 
about twice as great as following operations on the biliary system Also, they 
occur more frequently m patients who have chronic cough^ and expectoration 
before operation, as symptoms of chronic bronchitis, bionchiectasis, para- 
nasal sinusitis and asthma, as well as in patients with acute respiratory infec- 
tions Another factor is the sex difference — postopei ative atelectasis and 
bronchopneumonia being two or two and one-half times as frequent in males 
as m females This difference has been attributed to the fact that, normally, 
females are predominate!} costal breathers, whereas males are predominately 

* Read before the American Surgical Association, White Sulphur Springs, W Va , 
April 30, 1941 
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diaphragmatic and abdominal bieathers As a lesult, the postoperative dia- 
phragmatic splinting exerts a more profound reduction m the respiratory 
efficiency of males than it does in females Beecher- has shown that the 
reduction m vital capacity following uppei abdominal operations is greater 
m men (58 pei cent) than in women (49 pei cent), and that the greatest 
and most lapid late of recoveiy takes place between the second and fourth 
day in women, while 111 males it is delayed and takes place between the fourth 
and sixth days These obsei vations suggest that the greatei incidence m males 
is due to the gieatei 1 eduction in pulmonary ventilation and to the greater 
reduction m the efficiency of lespnation and coughing after operation 
Another possible explanation for the gieatei incidence in males is the more 
frequent incidence of cough and expectoration pi eopei atively 

PREVENTION 

As the preoperative condition of the respiratoiy tract may influence the 
development of postopei ative pulmonary complications the possibility of a 
small amount of daily sputum should be sought foi liy caieful questioning,^’’ 
since this is often piesent and not appreciated or acknowledged by the patient 
unless he is particulaily questioned about it If sputum is piesent, caie should 
be taken immediately before the anesthesia is begun to be ceitain that all 
secretions have been laised Fuitheimore, if a histoiy of expectoration has 
been elicited, the necessity foi maintaining constant lemoval of <^hese secre- 
tions aftei opeiation is obvious When an acute lespiiatory infection is 
piesent, opeiations of election should be delayed foi a considerable peiiod 
following recovery fiom the lespiratoiy infection A delay of only a few 
days IS usually not sufficient to allow complete lecoveiy, and the opeiation 
pieferably should be defeiied until at least two 01 more weeks have elapsed 
after the acute symptoms have disappeaied Faulty 01 al hygiene should be 
corrected prioi to operations of election, even when local or spinal anesthesia 
is used for the reason that 01 al and pharyngeal secietions may gravitate into 
the tracheobronchial tiee duiing sleep, unless the postuie of the patient is 
regulated to prevent this occuirence 

The type of pi eopei ative sedation should be chosen with caie, and those 
sedatives which cause prolonged sleep 01 drowsiness aftei operation should 
be avoided A large dose of a long-acting barbituiate, such as nembutal, is 
inadvisable, and if a barbituiate need be used it should prefeiably be of a 
biief-acting type The advisability of administiating ati opine pi eoperatively 
has been questioned liy many pei sons liecause it inci eases the viscosity ot 
bionchial secretions, and we believe it should be avoided unless indicated 
foi a definite leason, such as the pievention of excessive salivation during 
operations 111 the legioii of the mouth 01 phai3'nx 

Opontivc Cousidcjatioin — The position of the patient on the opeiating 
table is of impoitance in pi eventing the giavity diainage of 01 al and pharyn- 
geal secietions into the ti acheobi onchial tiee Especially in patients with 
phaiyngeal secietions, the head should not be raised on a pillow as this posi- 
tion allows a bettei oppoitunity for the secietions to entei the tiaehea In 
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oulei to o\eicome the noimal ]K)slcnoi deviation of the tiachea, the opeiating 
table should be iiKlincd to a lo oi iS degiee Ticudclenbuig position The 
noimal emve of the uppei doisal spine vanes, being as a mlc moie maiked 
in eldeily patients The tiachea aecoidingly has a gieatei posteiioi deviation 
in elderly than young peisons and, therefoie, as a lule the greatei degiee of 
Trendelenburg position should be used in eldeily persons Hon ever, the 
type of operation oi the condition foi which it is done may demand that the 
table be flat oi the head of the table elevated 

The available evidence suggests that the incidence of atelectasis and bron- 
chopneumonia IS not impoitantly influenced by the anesthetic agent It is 
desuable, honever, that the anesthesia should be gauged so that the patient 
will awaken promptly following the opeiation Schmidt and Waters-' ob- 
served that the greatest incidence of pulmonary complications followed the 
use of ethei, and the next greatest incidence followed spinal anesthesia 
Biown,^ however, is of the opinion that the incidence of pulmonaiy atelectasis 
IS gi eater following spinal anesthesia than with any form of inhalation oi 
legional anesthesia He attributes this to the fact that spinal anesthesia defi- 
nitely inhibits the depth and foice of respiratoiy movements not only during 
the operation but for a considerable period thereafter Brown also believes 
that It IS these respiratory movements (both intrinsic and extrinsic) which 
tend to nd the tracheobi onchial tree of foreign matter or secretion 

Jones and McCluie,^'’ in 1931, called attention to the influence of the 
transverse upper abdominal incision in reducing the incidence of postoperative 
complications As the transverse incision is in the plane of the muscular and 
aponeurotic fibers of the external and internal oblique and transveisus 
abdominis muscles, the pull of these respiratoiy muscles during costal excur- 
sion tends to approximate and relax the wound rather than to exert tension 
upon it, as with the vertical incision Furthermore, the transverse incision 
offers less opportunity for injury to the intercostal nerves supplying the 
musculature of the upper abdominal wall Jones and McCluie observed a 
reduction of pain and more nearly normal respiratory excursion and pul- 
monary ventilation after the use of the transverse incision The}”^ were im- 
pressed by the comfoit and ease of breathing in the average short, obese 
patient following a gallbladder operation with the transverse incision In a 
series of 125 consecutive transverse abdominal incisions, most of which were 
for operations upon the gallbladder, bile ducts and stomach, they noted no 
instance of postoperative pneumonia 01 atelectasis Five patients developed 
pulmonary embolism which proved fatal m two instances Jones and McClure 
state that two 01 three additional patients developed pulmonary symptoms, 
such as cough of mild 01 moderate degree, but other evidences definitely 
establishing a pulmonary complication were lacking Their statistics are m 
striking contrast to the usual incidence of pulmonary atelectasis and broncho- 
pneumonia, which IS 5 to 12 per cent and occasional!} more, m most series of 
gallbladder operations During the last few year s the transverse incision has 
been used at the Univeisity of IMichigan Hospital with increasing frequency 
111 gallbladder and other abdominal opeiations and at piesent it is used almost 
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routinely m gallbladder opeiations Oui obseivations m these cases agree 
with those of Jones and McClure in regard to the smoother convalescence 
In a series of opeiations for chiomc cholecystitis and cholelithiasis, we have 
found the incidence of postoperative atelectasis and pneumonia considerably 
lower than with the vertical incision, but not as low as reported by Jones and 
McClure 

Postope) ative Consideiations — It is highly desirable that the anesthesia 
and the preopei ative medication should allow patients to awaken promptly 
following operation, thereby enabling them to cough and expectorate by the 
time they aie to be placed in bed In the event that the respirations are 
“wet” and that consciousness is not resumed shortly after operation, or that 



Tig I — Lateral position Frontal broncliogram demonstrating dependent drainage of 
bronchial tree of uppermost lung anth patient on contralateral side 


coughing IS ineffectual, aspiration of the tracheobi onchial tree by cathetei 
suction or by bionchoscopy is indicated It is believed that hyperventilation 
with carbon dioxide and oxygen at the conclusion of the operation is m itself 
not sufficient if secretions are piesent and cannot be raised by expectoration 
When hyperventilation is used, it is generally agreed by anesthetists that a 
nonabsorbable buffer agent, such as nitrogen, helium or air, should be used in 
the inhaled gas mixture so that alveolar collapse will not result from the sole 
use of two rapidly absorbable gases such as carbon dioxide and oxygen 

Elevation of the foot of the bed^^ is advisable until consciousness is 
lesumed, unless circumstances contraindicating this position are piesent A 
consideiable degree of the Trendelenbuig position is necessaiy to secuie actual 
giavitation of tenacious secretions towaid the pharynx ^ The foot of the bed 
may need to be elevated ten to i8 inches (seven to ii degrees) or more to 
cause the trachea to become hoiizontal when the patient is in the supine posi- 
tion Even so, the posterior segment of the uppei lobe and the superior 
dorsal and subapical segments of the lower lobe remain dependent For this 
reason, it is advisable that the patient be turned on alternate sides-® in order 
that the maximum benefit of posture will be obtained for each lung during 
the time that it is uppermost (Fig i) As the lower portion of the trachea 
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usually deviates slightly to the right, dependent drainage of the tiachea is 
obtained when the patient is lying flat on the left side, but the foot of the bed 
must be elevated to piovide dependent tracheal drainage when patient is on 


A 

Nov 19, 193S No\ 





Nov 23, 1938 Nov 28, 1938 

C D 

Tig 2 — M M, No 372675 (A) Roentgenogram No\ 19, 1938, on first postoperatne 

day following total gastrectomy shows partial atelectasis of right lung Tracheobronchial sue 
tion on three occasions during a period of five hours Improvement of voluntarj cough, so 
patient treated by alternate lateral positions, one hour on left side and one half hour on right, 
and bj encouragement of frequent cough (B) Roentgenogram Nov 21, 1938 two days 
later Right lung almost clear Pneumonitis has developed on left Cough productive and 
effectual Subsequent treatment by change of position at hourly and half hourly intervals 
with patient kept one hour on right side and one half hour on left (C) Roentgenogram, 

Nov 23 1938 two days later Return of atelectasis of right lower lobe Left lung now 
clear Position now changed more frequentlj than before to prevent stasis of secretions in 
more dependent lung (D) Roentgenogram, Nov 28, 1938, five days later Clinical improve 
ment with onlj slight residual pneumonitis at right base 

This case illustrates the beneficial effect of the lateral position in improving the drainage 
of the lung which is uppermost for the greater length of time and the possibility of drainage 
of secretions into the dependent lung More frequent change of position (at least every 20 
minutes) would have decreased the tendenej for involvement of the more dependent lung 

the right side After consciousness has leturned, the use of the lateral posi- 
tion should be continued by having the patient he on alternate sides for 
peiiods of not longei than 30 minutes each, or by alternating the lateral 
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positions with the supine position The obvious disadvantage of the lateral 
position IS that it does not piovide drainage of the dependent bronchial tree 
and it also allows secretions from the uppeimost lung to gravitate into the 
dependent lung/^ unless an uncomfoi table degree of elevation of the foot 
of the bed is maintained Foi this leason, patients should not be allowed to 
remain on one side foi a prolonged peiiod Oidinaiily, the maximum time 
the patient should he upon one side should not be more than 20 to 30 minutes, 
but should be governed by the amount of secretions, being shortei when 
abundant secietions are present (Fig 2) 



Fig 3 — H>poventilation of ri^,ht lung 36 hours following sigmoid 
colostom> Moderate abdominal distention Breath sounds absent at 
right base until \entilation of base was obtained b> coughing 


The recognition of vaiying degrees of pulmonary hypoventilation can 
be obtained liy physical, as well as i oentgenologic examination of the chest 
The physical examination of the bases of the lungs is facilitated when the 
lung being examined is in an elevated position (with tlie patient lying on tlie 
opposite side), as this position offers the patient an oppoitunity to demon- 
stiate the maximum voluntaiy amount of ventilation of the lower lobe of the 
uppermost side Any deciease in the amount of ventilation is, therefore, of 
greater significance than when the physical examination of the bases is earned 
out with the patient lying on his liack Ordinal ily, following uppei abdominal 
operations, consideiable hypoventilation of both liases exists, being greater 
on the light than on the left-'* (Fig 3) The degree of hypoventilation is influ- 
enced by a number of factors among them being the location and type of 
operation,-® -- the severity of the operation, the general condition and sex 
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of the patient, the amount of pain and muscle splinting,*^ the amount ot 
abdominal distentioiH and the degiee of obesity It is a usual finding that 
the decreased bieath sounds at the bases of the lungs following uppei abdom- 
inal opeiations can be mateiially augmented dining the examination by having 
the patient take seveial deep bieaths, by the deep inspiration that folloivs 
voluntary cough (Fig 4) 01 by hypei ventilation with caibon dioxide-ox)^gen 
inhalations We have occasionally seen patients m whom the pulmonaiy 
hypoventilation was so maiked that bieath sounds ovei the lowei doisal 
segments of the lowei lobe could not be heaid on deep bieathing 01 aftei 
cough, but could be elicited only by auscultation dm mg hypei ventilation with 
15 pei cent caibon dioxide and oxj^gen It is pai ticulai 1 }'^ lecommended that 
the character and intensity of bieath 


sounds be elicited during one or all of 
the above-mentioned maneuveis If the 
intensity of the breath sounds reaches 
or approximates normal and if rales and 
ihonchi are absent, one can be reasonably 
certain that the bronchi ai e not obstructed 
by the secretions and that the decreased 
breath sounds heard at the beginning of 
the examination were due to hypoventila- 
tion and not to atelectasis 

Roentgenologic examination of the 
chest following opeiations on the abdo- 
men and paiticulaily on the uppei abdo- 
men showing vaiying degrees of hypo- 
ventilation, as IS evidenced by elevation 
of the leaves of the diaphiagm, deciease 
of costal expansion, and decreased aeia- 
tion of the lungs, especially at the bases 
Pulmonaiy hypoventilation is evidenced 
by a geneialized haziness and loss of 
aeiation of the lung, especially of that 
poi tion immediately above the dia- 
phiagm Hypoventilation will appeal more 
maiked than it actually is if the loent- 
genograms should be made m the ex- 
piiatory phase of lespiiation, an occui- 
lence which is noted when patients aie 
unable to coopeiate by holding a deep 
inspnation while the exposure is being 
made Theiefoie. the position of the 
leaves of the diaphiagm and the amount 
of expansion of the thoiacic wall should 



Fig 4 — E\aminition of base of lungs 
IS preferably undertaken with patient Ijing 
on the side, in nltermte lateral positions 
thereby improMng ventilation of uppermost 
lung Breath sounds tint maj be decreased 
or absent due to hvpoxentihtioii cm be nug 
mented when auscultation is done during 
cough (illustrated) or during h5per\enti!a 
tion with carbon dioxide oxa gen inhalations 
thus aiding in differentiation between atelec 
tasis and hypoventilation Rhonchi due to 
bronchial secretions may be detected b> these 
mineiuers when otherwise not audible In 
the illustration the incision for a gastric oper 
ation IS being supported bv the examiner’s 
hand The tube in the patient’s nose is for 
continuous duodena! suction 


be ascei tamed when mteipieting the natme of basal densities Also, the 
roentgenologic technic used foi exposure of the films must be taken into 
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consideration in inteipieting the degiee of hypoventilation As the roent- 
genograms will ordinarily have been made with a portable unit, and with 
the patient in a semireclining position, the leaves of the diaphragm will appear 
higher and the degree of ventilation will appear less than if they had been 
made with the patient in an upright position and with a standard chest unit 
If considerable hypoventilation is present, the increased density of the bases 
of the lungs may simulate patchy atelectasis or bronchopneumonia 24 

Hypoventilation decreases the effectiveness of bronchial drainage by an 
actual reduction in the size and motility of the bionchi and by a reduction 
in the amount of an that can be expelled from the lungs by coughing The 
reduced diametei of the hronchi interfeies with the drainage of viscid bron- 
chial secietions and lessens the to-and-fro movement of air which in itself 
aids diainage The hypoventilation of the lungs lessens the available amount 
of air that can be expelled by coughing, theieby reducing the effectiveness 
of expectoi ation hy decreasing the volume and foice of the coughing act 
Measures that aid in increasing the ventilation of the lungs are of preventive 
and therapeutic value and should include frequent change of position, deep 
breathing exeicises, and carbon dioxide-oxygen inhalations Carbon dioxide- 
oxygen inhalations are paiticulaily helpful in iiici easing the ventilation of the 
lungs m those patients who are unable to obtain byperventilation by voluntary 
deep breathing exeicises 

The prompt recognition of the piesence of bronchial secietions is of 
fundamental importance in the pievention of postopei ative pneumonia 01 
atelectasis, for the reason that letamed bronchial secretions aie, in our opinion, 
a precursor to the development of atelectasis and bronchopneumonia in most 
instances The patient should be encouraged to cough at periodic intervals 
of at least every two houis, not only to increase the ventilation of the lungs, 
but, of equal importance, to determine whethei the cough is wet or dry A 
wet type of cough signifies the presence of bi oncbial secretions, and demands 
that the secretions be evacuated, eithei by coughing, which will usually be 
effective, or by actual suction The character of the respiratory sounds should 
be elicited by auscultation with the stethoscope placed close to the patient’s 
mouth, in order to determine whether the breath sounds aie dr}’- or whether 
ihonchi or wheezes aie present The presence 01 absence of rhonchi should 
also be determined by palpation and auscultation of the chest As mentioned 
above, auscultation of the bases of the lungs is preferably done with the 
patient lying on alternate sides, both bases being examined while the patient 
is on each side, but particular attention being directed to the physical signs 
over the base of tbe uppermost lung Due to the increased costal excursion 
of the uppermost lung and the resultant better ventilation of the lower lobe 
on this side, the breath sounds are heard to bettei advantage and rhonchi and 
wheezes are moie often audible when the patient is in this position than when 
he IS 111 the supine position The chaiactei of the breath sounds prioi to, 
duiing and following a diagnostic cough should be elicited, as ihonchi that 
are not present on deep breathing are often heaid duiing the inspiration and 
expiration coincident with cough When patients are unable to ventilate the 
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bases well on deep breathing and when the cough is weak, the presence or 
absence of rhonchi at the pulmonary bases should be detei mined by auscultation 
during hyperventilation with caibon dioxide-oxygen inhalations The early 
detection of ihonchi is of importance because their piesence is the earliest sign 
of partial bronchial obstruction due to secietions, occuirmg before the develop- 
ment of frank signs and symptoms of atelectasis or bronchopneumonia 

Voluntary cough is the most important single measure in the prevention 
and treatment of postoperative atelectasis and bronchopneumonia The im- 
portance of an effective diagnostic or therapeutic cough should be stressed to 
the patient, in order to obtain his cooperation, even though the act of coughing 
may be attended with considerable discomfort The patient should be in- 
stiucted to take several deep breaths before each cough in order to increase 
Its effectiveness When the patient is m the supine position a painful abdom- 
inal incision should be supported by the nurse oi surgeon by gentle constant 
pressure at each side of the incision, supplemented by firm compression of the 
costal margins The patient should also be shown how he can aid himself 
by supporting the incision 

The position of the patient m bed is important m influencing the effective- 
ness and ease of cough When he is in the supine position, the cough is 
usually more effective if the head of the bed is raised slightly than if the bed 
IS flat or in the Trendelenburg position Coughing is, however, usually easier 
and even more effective when the patient is in the lateral position Manual 
support of the incision with the patient in this position is aided by the nurse 
or surgeon standing behind the patient, supporting the incision with one 
hand^® and exerting counterpressure over the spine with the other hand In 
the lateral position the patient can conveniently support the incision with one 
hand, which in turn can be supported by the nurse’s or surgeon’s hand When 
tenacious secretions are being raised with difficulty, it is often necessary to 
offer continuous verbal encouragement to the patient, as well as manual sup- 
port to the incision, so that the complete expulsion of secretions will be 
obtained It is not sufficient merely to ask the patient to cough , he should 
be instructed how to do so and helped to do so 

The use of a small dose of an opiate (insufficient to obtund the cough 
reflex) is of advantage in decreasing the amount of pain coincident with 
coughing, thereby increasing the effectiveness of cough Steam inhalations 
with menthol aid in reducing the viscosity of bronchial secretions and are of 
definite advantage when tenacious secretions are present The continuous use 
of a steam tent provides another means for accomplishing the same purpose 
Kxpectorants are of value and are used when they can be administered orally 
When purulent bronchial secretions are present, the use of one of the sulfona- 
mide drugs IS indicated, our preference at present is for sulfathiazole in view 
of the fact that pneumococci are usually present 

THE ASPIRATION OF BRONCHIAL SECRETIONS BY SUCTION 

The prompt removal of bronchial secretions by suction is indicated as 
soon as it is evident that the cough is ineffectual and bronchial secretions are 
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being lelamed Two methods aie availalile foi the lemoval of bionchial 
secretions, one hy bronchoscopy^" and the othei by means of a cathetei intio- 
dticed into the tiacheolnonchial tiee Bionchoscopy possesses the advantage 
of allowing visual inspection of the bionchi, and hy its use one can he certain 
that the tracheohionchial tiee is dry at the conclusion of the aspiration In 
cases of postoperative atelectasis and bronchopneumonia, bronchoscopy re- 
veals varying amounts of thick, viscid secretion which at first is mucoid and 
latei mucopurulent Often a ti emendousl}'^ large amount of secretion is 
piesent The secietion is usually in a semifluid state and only partially 
occludes the large hi onchi , an actual mucous plug completely occluding a 
bronchial orifice is an infrequent occunence Slight swelling and inflamma- 
tion of the tracheal and bionchial mucosa are usually seen on hronchoscopic 
examination, and occasionally theie aie aieas of moderate or a considerable 
degiee of edema of the mucosa of the lohai oiifices Bronchoscopy allows 
the inflamed mucosa to be shrunken with a solution of pontocame and adrena- 
lin, and the lumen of the bronchi is theiehy enlaiged Bionchoscopy also 
occasionally leveals a localized adherent fihiinous exudate which can he 
removed hy aspiiation oi hy othei mechanical means (Fig 5) Our broncho- 
scopic findings aie the same as those of others m similai cases ^ 

Tracheobronchial suction by means of a cathetei introduced through the 
nose and into the bionchial tiee piovides a leadily available measure for the 
aspiiation of letained bionchial secietion^'* This method, which has previ- 
ously been designated as intratiacheal suction is more accuiately described 
as tracheohionchial suction, in that the large bronchi, as veil as the trachea, 
aie aspnated Tiacheohionchial suction can be used as an alternative to 
bionchoscopy 111 most instances when lemoval of secietions is indicated It 
IS particularly applicable when repeated aspiiations are lequired, perhaps at 
hourly 01 two-houily mteivals Tiacheohionchial suction provides a measuie 
which is usually quickly available when emeigency aspiiation of secretions is 
indicated, as it does not requiie the short delay necessaiy for the assembling 
of hronchoscopic equipment When the amount of letamed bionchial secre- 
tion is small, tiacheohionchial suction will usual!}' be sufficient When the 
amount of secretion is large, we piefer hronchoscopic aspiiation as the initial 
piocedure, followed by cathetei suction at fiequent intervals until voluntary 
cough becomes effective Occasionally, difficulty will he experienced m inti o- 
ducing the cathetei into the trachea, and in such instances hi onchoscopy should 
he lesoited to without delay If a patient is critically ill and cyanotic, bron- 
choscopy, if expeditiously pei formed is fiequently a less upsetting measuie, 
and oxygen can be conveniently administered through the aspirating channel 
of the bronchoscope wdnle the tracheohionchial tiee is being cleaied by means 
of the aspnatoi intioduced through the bronchoscope Oxygen, howevei, can 
also he given thiough a nasophai yngeal cathetei during catheter suction of 
the bionchial tiee 

The lequirements foi ti acheobronchial suction aie a No 16 F soft lubber 
uiethial cathetei, a suction appaiatus deliveiing 15 to 25 Ihs suction, and 
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connecting tubing We piefei a cathetei of the Robinson type with two 
openings, and it should piefeiahly he new and not softened by lepeated 
steiilizations A Luken’s glass hi onchoscopic collecting tube is custoinaiily 

A B 



C D 

Tic s — L H No 425951 (A) RoentgeiiOKnm reveals pneumonitis and partial atelec 

tasis right lung 28 hours following cholecvstectomy and choledochostomy Large amount 
of purulent secretion aspirated b> tracheobronchial suction on two occasions (B) Koentgeno 
gram on following da> Clinical improvement but persistence of fever and large amount of 
purulent expectoration In view of atelectasis of right middle lobe bronchoscopj was believed 
preferable to tracheobronchial suction so that middle lobe orifice could be inspected during the 
aspiration Bronchoscopy revelled partial obstruction of orifice of middle lobe bronchus bj 
fibrinous exudate, vihich was removed (C) Roentgenogram three davs later demonstrates 
residiial infiltration of right middle lobe Convalescence satisfactorv (D) Roentgenogram 
nine dajs later shows clearing of infiltration 

interposed in the system, in oi dei to estimate the amount and consistency of 
the secietions and to obtain a specimen foi liactenologic examination The 
open end of the collecting tube is fitted nith a rubber stopper nith a one- 
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quartet -inch hole Ihe hole m the stopper is intermittently occluded with 
the thumb so that suction will be obtained only when the hole is occluded 
If the collecting tube is not available, intermittent suction can be obtained by 
pinching and alternately releasing the connecting tubing, or by the use of a 
glass Y-tube, the open end of which is intermittently occluded with the finger 



Fig 6 — (A) Apparatus tor tracheobronchial suction consists o( suction machine, hronchoscopic 
collecting tube (optional) and No i6 F urethral catheter (B) Bronchial secretions more purulent 
than usual remoied bj tracheobronchial suction 


As the amount of secietion obtained is frequently moie than the bioncho- 
scopic collecting tube can hold, a pus-traji should be interposed into the system 
to pi event the secietions fiom entering the suction appaiatus (Fig 6) 

The catheter is intioduced into the tracheobronchial tree without the use 
of local anesthesia The patient is placed m the semi-Fowler position, the 
neck IS flexed slightly and the tongue is pulled forward by the operator in 
ordei to elevate the epiglottis The catheter is then intioduced through the 
nose, using the side which is the moie widely patent, and it is directed pos- 
teriorly until the operator feels it touching the larynx The catheter is then 
withdrawn i or 2 cm (Fig 7) and the patient is asked to take a quick deep 
breath The catheter is then quickly advanced into the trachea during deep 
inspiration If this maneuvei is unsuccessful, the patient is asked to cough 
and the catheter is quickly advanced duimg the deep inspiration following 
cough Unless pharyngeal secretions aie present, suction is not applied until 
the catheter has been intioduced into the trachea During the introduction 
of the cathetei into the tiachea, the operator maintains traction upon the 
tongue in order to prevent the patient from swallowing The operator is 
assured that the catheter is in the trachea and not in the esophagus by the 
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onset of coughing, the passage of air through the catheter, oi by huskiness of 
the voice when the patient is asked to speak 



After the catheter is in the 
trachea, the head of the bed is low- 
ered to the horizontal position 
Suction IS then applied for sev- 
eral seconds and tracheal secre- 
tions, if present, are aspirated 
The suction is then stopped and 
the patient is asked to take several 
deep breaths, following which the 
suction is again applied for sev- 
eral seconds This sequence is 
repeated until the trachea is dry 
The catheter is then introduced 
into the bronchial tree of the 
more involved lung Ordinarily, 
the catheter enters the right 
bronchus, as it is more nearly in 
the axis of the trachea In order 
to direct the catheter into the left 
bronchus, the patient’s chin and 
head are turned far to the right 



Fig 8 — Roentgenogram showing chin and head 
turned to right, therehj directing catheter into left 
bronchial tree 
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(Fig 8 ) Each bionchial tiee is aspnalecl diy, the aspiialiun being applied in- 
taniiltcnlly to pi event excessive couching and cyanosis The eathetei is intio- 
duecd until it i caches the appioxiniate level of the oiihec of the lowei lobe 
bionehus, at which time the outei end of the eathetei will be aliont two to 
thiee inches fioin the external naies If one side shows a gieatei involvement 
than the othei, the patient may be rolled onto the contialateial side duiing 
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Tic 9 — S B, No 422071 (A) Roentgenogram 36 liours following bilateral 

inguinal lierniorrliaphy Atelectasis right lung Bronchoscopy performed same day 
because ot ineffectu il cough and retained bronchial secretions 25 cc thick muco 
jiurulent secretion aspirated from trachea and right bronchial tree Cough remained 
ineffectual Accordingly, two subsequent aspirations by tracheobronchial suction on 
same day Two aspirations by same method on following day until cough became 
effective Convalescence satisfactory tliercafter (B) Roentgenogram si\ days later re 
veals no pulmonary atelectasis or infiltration 

the aspiration of the moie involved lung, so that postuie will aid cough m 
dislodging secietions from the smaller bionchi up to the laigei bionchi, where 
they can be leached by the aspirating eathetei Oidinaiily, the piocedure 
of ti acheobronchial suction is accompanied by moderate or consideiable cough- 
ing, which IS helpful in raising secietions from the smaller bronchi to the 
level where they can be removed It should be emphasized that, unless intei- 
mittently applied, the suction will provoke severe coughing and cyanosis, and, 
accordingly the suction should be used foi peiiods of only several seconds 
each, the patient being allowed to take a few deep bi eaths between each period 
of suction The total duration of the piocedure vanes fioni two to three 
minutes, depending upon the amount of secietions piesent The amount of 
secretions aspiiated is fiequently laigei than might be anticipated, the average 
quantity usually being between 10 to 20 cc 

Following the use of bionchoscopy 01 ti acheobronchial suction, voluntary 
cough usually becomes moie eftective due to the improved ventilation of the 
lung beyond the sites of the obstructing secietions The improved aeiation 
of the lung makes available a laiger quantity of an to be displaced by the 
bechic blast, and peripheial secretions are raised with gi eater ease Voluntaiy 
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tough, howevci, may not become completely clfcctivc until the patient b gen- 
eial condition impioveb 

As the subsequent foimation of sccictions is to be cxpcclcd, the patient 
should be caiefully obseivcd foi any cMclenees ot ictamcd secictioub, and 
suction should again be instituted when and if theie is fuithei letention of 
secretions (Fig 9) Owing to the impioved bionchial diainage and to chemo- 
theiapeutic measuies, the accompanying puuilent bionchitis subsides and the 
lefoimation of secretions giadually lessens Also, during this mteival, the 
patient’s geneial condition, unless influenced by extiapulmonaiy complications 
giadually impioves, and the voluntaiy cough becomes moie effective The 
measures mentioned eaihei for aiding voluntaiy cough should be continued, 
so that voluntary cough will become effective as soon as possible and the need 
for suction will not be unduly prolonged 

The impiovement m the patient’s condition following the lemoval of 
retained secretions is often sti iking, especially when the amount of letamed 
secietions may inadvertently have piogressed to an alaiming degiee before 
recognition Retained bronchial secietions are obstructing secietions, mter- 
feiing with the airway to the lungs and pi eventing adequate ventilation 
Accoidingl}'-, patients aie able to bieathe more comfoitably following the 
aspiiation of secietions, and cyanosis, if piesent befoie the aspnation, will 
frequently be lelieved by the impioved pulmonary ventilation As postopera- 
tive atelectasis and bronchopneumonia are usually sequelae of retained seci e- 
tions, the piompt removal of secretions at the fiist evidence of then lelention 
will minimize the incidence of these complications and lessen then seventy 

SUMMARY 

The piesence of bronchial secretions, and the decreased pulmonary ventila- 
tion and cough efficiency subsequent to operation aie vitally important factors 
in the genesis of postoperative atelectasis and bronchopneumonia The piompt 
recognition of retained bronchial secietions is essential in the prevention of 
these complications, and the methods foi eliciting the ph3'^sical signs of 
retained secietions are described The measures for aiding the cough mecha- 
nism aie discussed and they are frec(uently effective in providing adequate 
diainage of the tracheobi onchial tree As letention of bronchial secietions 
occurs in some instances in spite of these measures, retained secietions should 
be immediately removed by bionchoscopj^ 01 tracheobronchial suction hefoic 
the advanced signs of piogiessmg bronchial obstruction and pulmonaiy infec- 
tion have developed A technic for ti acheobi onchial suction is desciibed, the 
simplicity of the technic and its applicability when lepeated aspiiations aie 
requiied, merit its mote frequent use 
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Discussion — Dr Elliott C Cutllr (Boston, Mass ) One of the topics set for 
discussion at the Stockholm meeting of the International Surgical Society this summer 
was “Postoperative Pulmonary Complications” I take the contribution of Doctors 
Ransom and Haight as an evidence of the indestructibility of science at the hands even 
of totalitarian warfare 

If we view postoperative pulmonary complications as a whole, we may find that at 
least we know something about it, though, since my first studies with Doctor Morton, 
m 1916, I feel there are still very large gaps With the advent of local anesthesia, we 
have evidence that it matters not what the anesthetic is, and the reports from clinics 
everywhere in the world have come to this point of view The same pulmonary compli- 
cations occur under local anesthesia to-day that occurred in 1900 under the hands of 
Mikuhcz, who wrote the first paper on postoperative pulmonary complications under 
local anesthesia 

If we study the body as a whole, and take fields of surgerj and instances of compli- 
cations m special fields, we learn a great deal We find that the general percentage of 
pulmonary complications for all surgery is between 2 5 and 3 per cent, but when we 
come to the abdomen, it rises to 12 per cent, and when we come to the epigastrium it 
rises, in some clinics, to as high as 30 per cent This is of considerable significance, 
because it must bear some relation, therefore, to the operative field and something that 
goes on in the operative field 

Having disabused ourselves, therefore, of the idea that the anesthesia plays a role, 
and having verj definite evidence that, apparently, the complications bear a direct rela- 
tion to the ability of the patient to carry out normal respiration, we have left only one 
other common factor, which is that these complications occur perhaps 5 to lo per cent 
less frequently in females than m males That has been interpreted by most workers as 
due to the fact that a man breathes largely with his diaphragm and a woman is a costal 
respiratory animal 

The proof of these contentions lies in part with adequate studies of vital capacity, 
' and we finished the study of several thousand consecutive surgical operations on whom 
vital capacity studies have been done daily from the time of admission to the time of 
discharge, over a peiiod of two and one-half years, and we have had adequate curves 
1 of reduction m vital capacity with every surgical procedure 

The reduction vanes from a median decrease around 59 to 60 per cent for the epi- 
gastrium to practically nothing for the extremities, this correlates, almost exactly, with 
the incidence of pulmonary complications as a whole 

We felt it was wise to find some remedy for the painful respiration, and sought new 
drugs and new methods of anesthesia About the only one that has yielded any benefit 
is a combination of a long-lasting local anesthetic — eucupin with oil Under these con- 
ditions, eucupin produces anesthesia often lasting for four or five days In a limited 
number of patients having upper abdominal incisions, carefully studied by one of m> 
colleagues, we find that, when eucupin is used to block the field, the reduction in vital 
capacity is about one-half of that in similar patients, similarly operated upon by the same 
surgeon when eucupin is not enqiloyed to block the field 

It seems reasonable to suppose that if an adequate local anesthesia could be found 
which would render epigastric wounds painless, and respiration would remain normal, 
we might greatly curtail this disastrous complication for the surgeon 

The authors of this paper have largely restricted their discussion, as we see, to 
atelectasis Now, it is difficult to say what the relative frequency of the various clinical 
forms of pulmonary complications are If one includes large pulmonary emboli, the 
pulmonarj emboli constitute about 10 to 12 per cent of the complications Lobar pneu- 
monia, proien bj^ bacterial studj, constitutes only 2 or 3 per cent, and you can divide 
the rest between the clinical diagnosis of atelectasis, either massive or scattered, or 
bronchial pneumonia But if jou make a clinical diagnosis of scattered atelectasis, and 
if the patient conies to autopsi , the professor of pathologv' mav tell v ou it is bronchial 
pneumonia Whether that is onU because the late stages of atelectasis reach consolida- 
tion or not, we do not know 

The chief gift ot this paper to-dav — and even thing has its gift to science — seems 
to me to be tins ingenious idea of using such a simple method m the wet, blue patient, 
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as tlie installation of a catheter into the trachea , and adequate instructions on how to 
do this have been given Most of us, I am sure, suck out the mouth, but the addition 
of tracheal suction will do much 

I have only one other suggestion, which is that if the reduction in vital capacitv 
from pain is an important objective, it is peculiar that all the hibernating animals, from 
the bear to the bat, do not have this disease, because their respiratory rate is cut down 
and the vital capacity is almost nothing So I return again to an old contention of mine — 
that these complications may result from the promulgation of small emboli up the 
passageways of the lymphatic current through the pleura of the diaphragm 


Dr Waltlr Estlil Lit (Philadelphia, Pa) I hesitate to discuss this significant 
papei because of my too frequent contributions to the subject in the past 

However, such a paper seems timely, for in our experience, and I suspect it is the 
same with others, the incidence of postoperative atelectasis is increasing This, of course, 
may be due, m part at least, to a more general recognition of the condition by both 
jihysicians and surgeons, but it seems to us, in most part, to be the result of more radical 
and moic piolonged surgical procedures 

We now speak of six and one-half- and seven-hour operations, such as Doctor Lahey 
icported recently, and to maintain anesthesia and complete muscular relaxation for such 
periods of time, spinal, and particularly continuous (intermittent) anesthesia is being 
emplored almost routinely m many clinics With such a method of anesthesia, most 
surgeons are using more and more sedatives in the form of morphine, or some type of 
barbiturate Under these conditions the respiratorr movements are far more shallow 
than 111 inhalation anesthesia and the cough reflex is depressed or abolished Under 
such conditions it is to be expected that the tracheal and the bronchial secretions will 
tend to accumulate in the dependent portions of the bronchial tree and even in the alveoli 
One should approach the pioblem of postoperative atelectasis through prophylaxis 
rather than by treatment, and though the method which Doctor Haight has outlined is 
ideal, ^\e would suggest that prophylaxis should start with the anesthetist during the 
operation, when eveiy effort should be made to maintain, at all times, an unobstructed 
bronchial airwav, and not wait until the close of the operation to start aspiration This 
can be done veiy readily bv hyperventilation yyith oxygen under pressure about every 15 
minutes, and if there is any excess of secretion, it should be aspirated during this time, 
and not yvait until the close of the operatiy'c procedure 

My appeal is that yve should not postpone Doctor Haight’s suggestion of tracheal 
drainage until the signs of bronchial obstruction appear postoperatiy'ely , but that routine 
measures in the form of hyperventilation, yyith oxy'geii under pressure, duiiiig the opera- 
tion, and that aspiration of excessive amounts of tracheal secretion at the close of the 
operation and before the patient leaves the operating table should be practiced routinely 
In our original reports we confessed — probably bragged — that y\e have performed 
bronchoscopic drainage 111 some 80 patients during a period of one year At the present 
time, in a much larger group of patients, three to five bronchoscopic drainages a yeai 
IS our average 



Bronchopneumonia 

Chart i 

or cthei anesthesia is used So, as Doctor Lee has 
probably due to this 


Dr Frank H LAHcy (Boston, 
Mass ) I undertake further discus- 
sion only because I think this is such 
an important subject and because it 
has played such a part in reducing our 
mortahtv 

Albeit Miller, of Proyidence, has 
shoyvii that if y'ou subject people to 
anesthesia of any tyqie, yvhich is suf- 
ficient in depth to produce relaxation, 
they breathe laigely yyith the dia- 
phiagm Tracings shoyy that most 
respiration is carried on by the dia- 
phragm whether spinal nitrous oxide 
stated, a great deal of our difficulty is 
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ATELECTASIS AND BRONCHOPNEUMONIA 


I lliink we owe a tremeiiflou;, amoniil lo Chevalier Tacksoii and Gihiid T uckei 
because, so long ago, tlic\ called our attention to the laluc of suction bronclioscopi One 
has onh to see the mtrathor icic goiter patients dehiious in the middle of the night the 
sccietioii sucked out uid tin tcnipci itiiic down the next dai and the patient m i i <ition.il 
state, to realize what m uiiportant pait this pla%s in the pievcntioii of pulnionaiy eonipli- 
cations 

Chart I IS a diagrammatic scheme of the production of these bronchial pneumonias 
and atelectases Here is a repetition of wdiat w'e all have seen, atelectasis so graphically 
cleared bj suction bronchoscopj Chart 2 show’s the temperature and pulse reactions 
We could repeat this time aftei time There are certain w arnmgs that I think one should 
note Our anesthetists should be trained in suction bronchoscopv and, in turn, should 
tram our Fellow's m catheter bronchoscopi 

Another point which I think impor- 
tant is that bronchoscopj should be 
undertaken m the middle of the night, 
when the condition is discovered, and 
not at a convenient time the next daj 
We have demonstrated, 111 our autopsy 
findings, how' rapidlj’ pneumonitis can 
develop, and I believe that w'e should 
have available the medical men, the 
roentgenologists, and the suction bron- 
choscopists to do it, not w'hen it is 
convenient the next day but w'henever 
the evidence occurs These patients 
w'ho have been delirious in the middle 
of the night, w'ho have had the secre- 
tions sucked out and have become con- 
scious and rational, w'hen they have 
difficulty w'lth their breathing and 
mucus have even requested its repeti- 
tion themselves because they have been 
so much improved One only has to 
see the striking results that come from 
catheter and particularly suction bron- 
choscopy to be impressed w'lth the fact 
that this IS a real contribution and w'lll, 

I believe, save many lives It has 
plaved a verj’ important part, I am cer- 
tain, in making it possible for us to 
maintain such a low’ mortality rate 
in the subtotal gastrectomy cases 

Dr Hfnr\ K RA^soM (Ann Arbor, Mich, closing) I w'lsh to mention brieflj 
two points First, that conservative measures are of inestimable value in the pre\ention 
of postoperative pulmonary complications due to retained bronchial secretions Such 
measures include (i) the avoidance of excessive sedation and prolonged periods of semi- 
consciousness follow’ing operation , (2) frequent changes in the position of the patient , 
(3) encouraging the patient to cough, using carbon dioxide inhalations if necessarj , (4) 
good nursing care, and (5) a cooperatne house staff Bj attention to these details tlie 
process can often be aborted and thus prevented from going on to the more advanced 
and seiious stages Tliese same measures will also be sufficient in many of the earh 
cases of established atelectasis to afford proper drainage of the bronchial tree, and therebN 
to effect a cure, and, tberefore the more complicated procedures described bj Docto'i 
Haight W'lll onh occasionally be necessary Second, during the past several jears, 
transverse incisions have become increasinglv popular in the field of abdominal surgerv] 
and especiallv for operations upon the biliary tract For the past three vears we have 
emploved such incisions and the results have been gratifying It seems to be true that 
after healing iias taken place the abdominal vv’all is more sound, that the incidence o^ 
incisional hernia is decreased, that patients are more comfortable during the postoperative 
period, and that thej mav be allowed out of bed somewhat earlier We also gained the 
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impression that the'e was a lower incidence of pulmonarj complications where such 
incisions were used Some ten years ago, a similar observation was recorded in an article 
by Jones and McClure They stated that in the senes of cases reported by them no in- 
stances of postoperative pneumonia or atelectasis occurred We, therefore, reviewed our 
cases of simple cholecystectomy during the past siv years in order to make a comparison 
of the pulmonary complications noted with vertical and with transverse incisions (Table I) 


Table I 


PULMONAEV COMPLICATIONS FOLLOWING CIIOLECYSTECTOMl TOR 
CHRONIC CHOLECYSTITIS WITH OR WITHOUT CHOLELITHIASIS 
I<)3S-I<)4I 

Type of Incision 
Vertical Transverse 


Number of cases 

Patchy atelectasis or pneumonia 

Massive atelectasis 

Pleuritis 

Infarct or embolism 


346 

26 (7 s%l 
5 

I 

I 


108 

5 (4 6 %) 
o 

0 

1 


Pulmonary complication chief cause of death 
Pulmonary complication contributory cause of death 


33(0 3%) 6 (5 6%) 

3 0 

I 0 


These statistics show that while there was a slight decrease in the incidence of 
pulmonary complications when transverse incisions were used, this decrease was not as 
great as we had anticipated Since the number of cases is relatively small, the statistical 
evidence is not of great significance, but it does suggest that this is one more detail in 
surgical technic which may be of importance in further reducing the number of tlide 
dreaded postoperative complications 
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ROENTGEN RAY TREATMENT OF GAS GANGRENE'' 


CLINICAL AND EXPERIMENTAL OBSERVATIONS 

Guy a Caldwell, M D , 

AND 

Frank J Cox, M D 
Nkav Ohleans, La 

FBO\t Till, DtlAIlTMfcNT O! SURGl.n'i, DUISION OP OnTIIOPEMCS, TULWB U*!ni.n»ITl SCHOOL Ol MEDICINJ, AND 

CJlAIlITi HOSPITAL OF LOUISIANA, NEW ORLI ANS, LA 

At present, a wave of enthusiasm for roentgen lay tieatment of 
gas gangrene is sweeping the country This foim of tieatment was fiist 
attempted by Kelly,® m 1928 By 1933, when his fiist lepoit appealed, he 
had tieated six cases in this way Because of this repoit, otheis were stimu- 
lated to try roentgen lay theiapy, and sporadic reports of these cases have 
appeared 111 the hteratuie The dosage of loentgen lay has been standard- 
ized to 100 r over the tissues involved with gas gangiene, thiough two dif- 
ferent ports, twice daily, foi three days All of the lepoits aie subject to 
the same criticism — they fail to considei the level of the lesion on the extrem- 
ity, the amount of muscle tissue involved and the chaiactei and extent of 
surgical measures employed befoie or coincidental with the administration of 
roentgen therapy Again, it should be emphasized that it is essential to con- 
sider whethei this form of thei apy is the sole cause of fewer deaths and ampu- 
tations, or whethei the surgical and therapeutic measuies used at the same 
time may not be equally beneficial Since Kelly and Dowell’s collected 
senes includes most of the repoited cases tieated with roentgen lay, and since 
these authois expiess the consensus regaiding this form of therapy in gas 
gangrene cases, we will confine oui ciiticisms to their work 

In 1939, Kelly and DowelB collected 132 cases of gas gangrene treated 
by roentgen ray, ivith a mortality of ii 3 pei cent Of these, there were 105 
cases of gas gangrene of the extiemities (level and extent of the lesions not 
defined) of which 5 6 pei cent were fatal These did not include the nine 
cases of diabetic and artei losclei otic gangiene An analysis of these cases 
convinced them that “only the very giave cases will die in spite of x-ray 
irradiation Accordingly, treated propeily, no case should die of pure gas 
gangrene but rather from other causes ” However, they fail to mention the 
other measuies employed coincidental with loentgen ray treatment and these 
should naturally influence the evaluation of results 

As illustrative of the ineffectiveness of loentgeii therapy the following 
case from the Chanty Hospital of Louisiana is presented 

* Read before the American Surgical Association, White Sulphur Springs, W Va , 
April 28, 29, 30, 1941 

Aided by grant from the Schwartz Research Fund 
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Case X — R 1 age 24 , kcculcI a tompound fracture of tlic right tibia Tw eiitj -four 
lioiirs after iiijiii) eliiiieal signs of gas gangrene appeared Incisions, standard roentgen 
raj tlierapj' for three daj's, sulfaiiilaiiiide and seriini were ciiiiiloj'ed, but diffusion of the 
infection was not arrested A guillotine amputation above the knee was then performed, 
four dajs after iiijiirj" After .imputation, there w'as no jirogrcss of the infection although 
no special measures were emploved 

luuthci cvaniplet) of tlniieal eases whieli wcie not benefited by loentgen 
tbeiapy ean be found in tbc bteialuie Cubbins, r/ <?/ ,’ stated that all eight 
patients with pioved gds infection tieated with locntgen rdy and without 
siiigei)'^ or antitoMii, died Coleman and Bennett" icported treating 14 
cases with locntgen lay alone with font leeoveiies and 10 deaths Howevei, 
accoiding to these two obsei veis, in the fom eases whieh lesponded to roentgen 
lay, wide opening and amputation were lesponsible foi lecovery 

Kelly and Dowell' believe that amputation is absolutely unnecessary In 
suppoit of this view' they jnesent a senes of 17 cases of “theiapeiitic amputa- 
tion,” w'lth a 11101 taht}' of 1 1 7 pei cent These are eompaied w'lth 72 other 
cases of gas gangienc of the evtiemities tieated w'lth loentgcn ray but not 
amputated, w'lth a moitality of 4 pci cent Suigieal and medical measures 
carried out eoincidentally aie eaiefully omitted, the interval fioin onset of 
symptoms of gangiene until amputation was pei formed is not mentioned, the 
level and extent of involvement aic not discussed and the degree of toxemia 
or shock at the time amputation w'as performed is not given Any or all of 
these factois, necessaiily, aie moie lesponsible foi death or sinvival of the 
patient than the effect of loentgen ray treatment It is not fair to ignore the 
commonest causes of death and considei only one foim of therapy in rela- 
tion to moitaht}' As furthei evidence of the uselessness of amputation, they'*' 
state “The fact that some of these patients still show'ed gas m the tissues 
above the site of amputation, but lecoveied under \-iay treatment is con- 
vincing evidence of its therapeutic value Accordingly it w'ould seem that 
those patients lost an extremity unnecessaiily inasinuch as they still had 
the disease aftei the amputation Their ultimate lecoveiy can only be 
attiibuted to some cause othei than amputation ’ No surgeon can fail to 
lecognize the fact that w'hen the small museles of the foot alone are involved 
with gas gangiene, amputation at 01 immediatelv above the ankle joint w'lll 
aiiest the pi ogi ess of the infection and cure the patient, or that w'hen the 
disease is entirely below the knee joint, disarticulation at the knee 01 guil- 
lotine amputation above the knee will certainly save the patient’s life Sur- 
geons, with adeejuate experience, can invai lablv' recall instances in which 
guillotine amputation was pei formed through discoloied muscles, w'lth gas 
in the subcutaneous tissues In many of these cases when the stump w'as left 
wide open and the fascia and skin split for some distance above the level of 
amputation, complete iGCovcry followed w'lthout the benefit of loeiitgen ray 
theiapy or seiuin 

Not only does Kelly believe that amputation is a useless therapeutic pro- 
ceduie but he and his cow'oikers," in 1938, stated “Seveie debridement 
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measiues aie no longei justifiable” since “eaily and frequent tieatment with 
small doses of x-iay is the answei to the question of ^^hat to do to pie- 
vent 01 to tieat an infection with gas-formmg oiganisnis”^ The follow- 
ing case fioin the Chanty Hospital illustrates the fallacy of this statement 

Case 2 — H , age 35, received a compound fracture of the left tibia Within 36 
hours of injury, signs of gas gangrene appeared About 12 hours after the first endence 
of gas gangrene w’as noted, the previous laceiation was opened widely, the incision extended 
upward and downward, and a large amount of necrotic muscle was removed and drainage 
instituted The lesion was irrigated W’lth hvdrogen peroxide and sulfanilamide was given 
Although no roentgen therapy was admimsteied at anj time, the infection was arrested 
and the patient subsequently recovered 

These clinical obseivations sene to emphasize the lationale of the suigi- 
cal tieatment of gas gangrene, since it meets the bactei lologic and pathologic 
indications Roentgen lay therapy, obviously, cannot and wull not achieve 
this end 

The use of loentgen lay theiapy in the tieatment of gas gangiene is 
piuely empiiical Faust' suggests as a possible explanation of the action of 
roentgen ray “Recently three Stanfoid Univeisity zoologists have repoited 
that x-rays played upon nutiient fluids are deadly to piotozoa by pioduc- 
ing small quantities of hydi ogen pei oxide ” A 1 eview'^ of this repoi t b) 
Tayloi, ct al reveals that they employed 38,400 1 on these nutrient fluids 
to obtain the lethal effect on piotozoa Such massne dosage is not thera- 
peutically possible m the tieatment of human beings Moi cover, it is haidly 
fair to conclude fiom then expei iinents that because wnth laige doses of 
roentgen ray certain protozoa are destroyed in a steiile yeast medium, an- 
aerobic bacteria can be killed in human tissue by very small doses of loentgen 
ray 

Very little experimental woik has been done to evaluate, scientifically 
the effect of roentgen ray in the treatment of gas gangiene Kelly and 
Dowell® attempted some expei imental w^oik but they state “We could not 
determine anything to oui satisfaction, as it seemed to us that the pig is 
too small an animal to inject wuth the virulent gas gangiene and then attempt 
to cure it with the x-rays If a real active strain of gas bacillus oiganisms 
w^ere used it tiaveled so lapidly that it was soon necessaiy to treat most 
of the pig and the combination of general body irradiation left too much 
undecided Some pigs got w'dl and some died and in the end w'e deter- 
mined nothing” We have not encounteied this difficulty m our experimen- 
tal w'ork 

Desatptwn oj Eipei tinenfs — Guinea-pigs, aveiaging 16 to 18 ounces in 
weight, were anesthetized wnth ethei An incision was then made o\er the 
lateral aspect of the left thigh to expose the shaft of the femur The muscle 
layers W’'ere split m older to produce approximately the same amount of 
muscle damage woth each individual exposure of the shaft of the femur Whtb 
a fine motor-druen dull, tw'o holes were made through the outer coitex of 
the femin, theieby opening the marrow caviG This procedure was an at- 
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tempt m order to lepioduce, artificially, a compound fiacture without using 
a splint A portion of o 15 cc of an 18- to 20-hour broth culture of Clos- 
t)idi\im welchii, a minimal lethal dose, was then placed in the wound, which 
was closed with interrupted sutures 

The purpose of these experiments was to determine the effect of vaiious 
chemical and physical agents in preventing the development of gas gangiene 
in these wounds The present communication is confined to a comparison 
of surgical tieatment alone with roentgen ray therapy Exposing these ani- 
mals to theiapy within one hour of inoculation is not in our opinion compai- 
able to treating fully developed gas gangrene We feel, therefoie, that w^e 
may, validly, draw some conclusions from these experiments legaiding the 
benefit of surgery and roentgen ray as measuies which will contiol the devel- 
opment of the disease It was arhitiarily decided to test each individual pro- 
cedure one hour after inoculation By this time there was no definite swell- 
ing, no gas in the tissues, no discoloration noi loss of contiactihty of the 
muscles The only clinical evidences of infection were slight edema and sero- 
sanguineous discharge A group of 58 animals, with closed wounds, W'as 
used as controls throughout the course of the experiment This group not 
only gave information regarding the average death time but also insured the 
continued potency of the oiganism 

During the whole period of observation, there w'ere about 400 animals 
operated upon, inoculated, and treated with various agents It was observed 
that any animal that lived 72 hours or more did not die as a direct result of 
gas gangrene Secondary infection, general sepsis, or complications such as 
pneumonia were the principal causes of death m animals living beyond this 
period In compiling and tabulating the results with leference to gas gan- 
grene, it was decided to consider as survivals all animals living beyond 72 
hours The “average death tune” represents an average of the number of 
hours the animals that weie not included in the suivivals lived 

Ten animals were treated by simple incision alone, one houi following 
inoculation A group of 20 animals weie extensively debnded without any 
further theiapy, one hour after inoculation Forty animals were used in four 
expel iments, m an effort to deteimine the appioximate effective dosage of 
loentgen ray From these experiments, it was found that the smaller doses 
of roentgen lay had a more beneficial effect Therefoie, a standard dosage 
of 25 r at 7 Ma , 100 Kv, 21 cm distance, no filter, with a unifoim size port 
was arbitrarily used The first group of animals studied received this dosage 
of roentgen ray alone, one hour aftei inoculation A similar group was stud- 
ied in which the same dosage of roentgen ray was combined with simple 
incision of the wound A third gioup received loentgen ray and extensive 
surgical debridement 

We, therefore, have a gioup of animals with closed wounds as contiols to 
compare with the group receiving loentgen lay alone, a group with simple 
incision to compare with those having incision and roentgen ray , and, finally, 
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a group With debridement alone as compaied Mith debndement and loentgen 
therapy 


GROUP I 

Contiol Senes — 58 Ammoh 

The wounds weie exposed and inoculated as descubed Following inocu- 
lations, the wounds were closed tightly with inteiiupted sutuies Nothing 
further was done Eight in the group survived In all the animals there 
was definite clinical evidence of gas gangrene The survivals might be ex- 
plained on the basis of two factois (i) It was impossible to keep some of 
the animals from chewing the wounds open, thus pioducmg an open wound 
and thereby lessening the possibility of spread of the infection (2) Certain 
animals had a natural resistance to the disease, permitting them to contiol 
the spiead of the infection The most mteiesting feature of the control 
group, however, is that all the animals showed definite signs of gas gangiene 
at some time during the obseivation period As will be noted in the tables, 
the average death time for the whole group was 277 hours However, this 
figure IS slightly misleading, since 69 pei cent of all the animals died in less 
than 36 hours, and fully 80 per cent of all the group died as the lesult of an 
active gas gangrene Those animals with active gas gangiene showed ex- 
tensive involvement of the thigh musculature extending up into the abdom- 
inal wall, with lysis of the muscle tissue, a profuse serosanguineous discharge, 
crepitation in the soft tissues, and a very distinct characteristic odor Those 
wounds which \vere opened by the animal or which opened spontaneously, 
inevitably became secondarily infected, but no studies of the vaiious strains 
of contaminating organisms was made 

Table I 

CONTROL GROUP — CLOSED 4\OUNDS 


Number of animals S8 

Average death time 27 7 hours 

Survivals (over 72 hours) 8 

Animals with definite gas gangrene 58 

Animals dying as direct result of G G 48 

Animals dying of other causes 2 


GROUP II 

Simple Incision — 22 Animals 

The compound fracture was produced as described Following inocula- 
tion, the w'ounds w^ere tightly closed and allow'ed to remain so for one hour 
Then the w^ounds w'eie opened widely The skin incision being enlarged to 
approximately twice its original size, the w'ound w'as iingated wnth saline m 
some instances and tap w'ater m others, and then allowed to remain open 
No difiPeience could be found in the effect of the agents used for irrigation 
The average death time was 32 8 hours a definite improvement over the con- 
trol series Four animals m the gi oup lived Again, all the animals show ed 
clinical evidence of gas gangrene at some time during the obsercation period, 
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and i8 of the 22 (82 pei cent) animals died as a direct result of the gas gan- 
grene infection Simply opening the wound at the end of one hour did not 
stop the development of gas gangiene, but was of some benefit m helping to 
combat the infection 


Tadlc II 
SIMPLE INCISION 

Number of animnls 22 

Average death time 32 8 hours 

Survival (over 72 hours) 4 

Animals developing gas pangrenc 22 

Animals dying as direct result of G G 18 


GROUP III 

Suigical Debudement — 20 Animals 

The wounds were exposed and inoculated as described Following inocu- 
lation, the wounds wei e tightly closed and allowed to remain so for one hour 
At the end of this tune, the wounds were opened widely, and all traumatized 
and devitalized muscle tissue was completely excised No iragments of 
muscle sectioned transveisely weie allowed to remain The whole lateral 
aspect of the feinui was exposed and, because of the loss of suppoit, the 
femur fractuied with very little trauma Wherever the feraui was broken 
through completely, the chance for development of active gas gangrene was 
increased and the dunce for actual survival practically ml 

In this gioup, the aveiage death peiiod w'as 63 i hours The most im- 
poitant obseivation was that only four animals had extensive clinical gas 
gangrene and two otheis showed local evidence w'lthoiit spread into the ab- 
domen Thus, in only six of the 20 animals did gas gangrene develop The 
remaining 14 animals failed to show any evidence ot active infection at any 
time The iinpoitance of the additional soft tissue trauma caused by the 
presence of a fractuied femur must again be emphasized 

Table III 

sunciCAL dCbridcmcnt 


Number of animals 20 

Average death time d 3 i hoiira 

Survivals (over 72 hours) 14 

Animals rv ith definite gas gangrene 6 

Animals dying as direct result of G G 4 

Animals dying of other causes 2 


ROENTGEN PHASE 

Before undertaking any expeiiments employing loentgen theiapy, 40 ani- 
mals weie chosen and, in gioups of ten, exposed to vaiying dosages of roent- 
gen lay, one hour after the usual wound preparation and inoculation All 
wounds were allow^ed to remain closed All constant factors remained the 
same, a unifoim size port being used thioughout every experiment, and the 
theiapy machine adjusted at 100 Kv , 7 Ma, 21 cm distance, wuth no filter 
Dosages of 35 r , 100 r , 150 1 , and 400 r were adniimsteied to each of four 
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gioups respectively In no instance was the development of gas gangrene 
prevented, although those animals receiving the smaller doses of roentgen 
ray did seem to do much better than those receiving the laigei doses This 
finding agiees with the clinical observations of many authoiities It was, 
therefore, decided to use a dosage of 25 r in the remamdei of the expeiiments 

GROUP IV 

Roentgen Ray zmth Closed Wounds — ^20 Anunals 
The wounds were exposed and inoculated, after which they were tightly 
sutured One houi aftei inoculation the animals weie given 25 r (100 Kv 
— 21 cm — 7 Ma — no filtei ) The average death time foi the gioup was 29 9 
houis Eveiy animal m the group had gas gangrene, and all died as a result 
of the infection Fifteen of the animals died within 36 houis, and all animals 
within 48 hours 

Table IV 

ROENTGEN RAY WITH CLOSED WOUNDS 


Number of animals 20 

Average death time 29 9 hours 

Survivals (over 72 hours) o 

Animals with definite gas gangrene 20 

Animals dying as direct result of G G 20 


No doubt, if a sufficiently large series of animals wei e studied there would 
have been some survivals However, then absence does not, we believe, 
detract from the mam fact that all animals developed gangrene, and that the 
average death tune was only slightly above that of the conti ol group, suggest- 
ing that any effect from roentgen ray alone was minimal 

GROUP V 

Roentgen Ray zvith Simple Incision — 20 Animals 

In ten animals, the maiiow cavity of the femui was opened In ten ani- 
mals, no drill holes were made into the mairow cavity Otheiwise the inocu- 
lation and preparation of the wounds were identical All wounds were closed 
for one hour with mteri upted sutui es, after which the thigh was treated v ith 
25 r (100 Kv — 21 cm — 7 Ma — no filter) Immediately thereafter, the 
vounds were widely opened and the fascial layers incised down to the femur 
The average death time for this gioup was 393 hours Though gas 
gangienc developed in e\eiy animal in the gioup, still the survu'al peiiod was 
definitely piolonged It seemed as though the loentgen lay therapy had 
some slight effect m letaiding the spieacl of infection but certainly not in 
pi eventing its development 

Table V 

ROENTGEN RAT WITH SIMPLE INCISION 


Number of animals 20 

A% erage death time 39 hours 

Sur\ i\ als (ov er 72 hours) 5 

Animals i\ ith definite gas gangrene 1 6 

Animals dying as direct result of G G 14 

Animals dying of other causes i 
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GROUP VI 

Roentgen Ray with Debudement — 30 Annuals 

The animals weie prepared as previously described The wounds were 
closed tightly for one hour The thigh was then exposed to 25 r (100 Kv — • 
21 cm 7 Ma ■ no filter) Immediately thereafter, the animals were again 
operated upon and all devitalized and traumatized muscle was radically 
debrided 

The aveiage death time for the group was 604 houis Again, the strik- 
ing feature was that in the majority of the animals gas gangrene failed to 
develop Only six of the 30 animals had definite evidence of gas gangrene 
in their wounds at the time of death Postmoitem examination revealed 
definite gas bubbles m all six animals Tbe administration of loentgen ray 
also required that the animals be handled and tied to animal boards an extra 
time Therefore, in this group fracture of the femur occurred more than 
when only debudement was undertaken If tbe muscle tissue remained firm 
and reddish in coloi, even though gross secondaiy infection was present, we 
did not feel that the animals had succumbed primal ily because of gas gangrene 

Table VI 

ROENTGEK RA'i WITH DEbRIDEMENT 


Number of animals 30 

Average death time 60 4 hours 

Survivals (over 72 hours) 14 

Animals with definite gas gangrene 6 

Animals dying as direct result of G G 6 

Animals d> mg of other causes 10 


DijcifWioi! — -It may seem, at fiist, that the control gioup is unnecessarily 
large and that this would necessarily alter the statistics, since all other groups 
weie much smaller This senes of experiments represents only a portion of 
a much larger series m which the effect of various chemical agents have also 
been studied Over a peiiod of seven months, whenever ten animals were 
studied, a group of two to three animals were included in which the wounds 
were kept closed The contiol gioup, therefore, represents a true average 
of the death time ovei this whole peiiod and insures the constant virulence 
of the organism used and the ability on our pait of consistently reproducing 
gas gangrene experimentally in guinea-pigs 

In comparing Group I with Gioup IV, that is, the control group with 
those animals whose wounds were allowed to remain closed and then exposed 
to 25 r dosage of roentgen ray, it will immediately become apparent that the 
roentgen lay given did not prevent the development of gangrene in any in- 
stance Theie is apparently some minor effect attributable to the roentgen 
ray therapy inasmuch as the aveiage animal did not die as quickly, but this 
figure may not be as significant as it appears at first glance In the control 
group, the average death time was 27 7 hours , m the comparable roentgen 
ray gioup, 299 hours The most significant observation, m our opinion, 
was that every animal m both groups manifested definite clinical evidence of 
gas gangiene 
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Fiom a compaiison of Groups II and V, that is, the group with simple 
incision and that with simple incision supplemented by radiation, a bit more 
evidence as to the efficacy of roentgen ray therapy may be infeired This 
fact IS not borne out by the aveiage death time (328, Gioup I, 39, Group 
V) as much as by the fact that four of the 20 animals given roentgen ra> 
failed to contract gas gangrene whereas eveiy one of the 22 animals having 
surgery alone did It may be stated, therefoie, that roentgen ray has some 
beneficial eflfect as a prophylactic measure, but it must also be remembeied 
that this effect of roentgen ray may be more apparent than real, since it is 
not borne out by a compaiison of Groups III and VI 

A comparison of Group III and Group VI shows, immediately, the value 
of early debridement as a prophylactic measure Even though vegetative 
forms of a viiulent strain of Clostidiuin welclm were placed in a bed of 
traumatized tissue, and allowed to incubate there for one hour, it still was 
possible to stop completely the development of gangrene in 80 per cent of 
the animals of both groups The addition of roentgen lay did not impiove 
the results obtained m Group VI 


Table VII 

RESULTS 


Group 

Treatment 

Animals 

A DT 

Surv 

Dev G G 

Died G G 

Other Denths 

I 

Closed -w ds 

58 

27 7 hr 

8 

58 

48 

2 

IV 

Closed w ds and x ray 

20 

29 9 hr 

0 

20 

20 

0 

II 

Incision 

22 

32 8 hr 

4 

22 

18 

0 

V 

Incision and x-ray 

20 

39 0 hr 

5 

16 

14 

I 

III 

Dfibndement 

20 

63 1 hr 

14 

6 

4 

2 

VI 

D6bndement and x ray 

30 

60 4 hr 

14 

6 

6 

10 


We may conclude, therefore, that as a prophylactic measure loentgen ray 
alone has no real effect, that it may be of some value as an adjunct to surgeiy, 
but certainly can never be substituted for it 

SUMMARY AND CONCLUSIONS 

(1) Clinical reports of the fewer amputations and lower mortality rate 
in gas gangrene as a result of the administration of roentgen lay therapy, 
which have thus fai appeared in the English literature, have been analyzed 
and found subject to ciiticism They fail to consider all the factors con- 
cerned, since they omit the most important and probable causes of death, on 
the one hand, and the known benefits of concomitant surgical measures, on 
the other 

(2) A case is cited directly refuting assertions made by some of the 
authors concerning the efficacy of roentgen ray therap) 

(3) A case is presented as illustrative of the value of radical excision of 
muscles under certain conditions 

(4) Experimental work on guinea-pigs is reported The results empha- 
size the value of early debridement in the control of gas gangiene. but fail to 
show more than slight improvement from roentgen raj theiapv 
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(5) Eailiei and bettei suigicaJ nieabiucb continue to offci tlic best means 
of pi eventing and controlling gas gangrene 

Explanation of abbicviations used in tables 
G G — Gas gangrene 
W’ds — Wounds 
A D T — ^Aveiage death time 
Smv — Suivival 
Dev — Development 
X-ray — Roentgen ray 

The kind assistance of Dr Manual Garcia, Assistant Radiolog-ist in Oiarge of TJiei- 
ap>, Chantj Hospital, New Orleans, La, is gladly acknowledged and greatly appreciated 
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Discussion — Dr Frank L Melenev (New York, N Y) I have followed Doctor 
Caldwell’s work closely for some time, and would like to say a few words about uhat 
the subcommittee on Surgical Infections, of the National Research Council, has done in 
regard to this subject 

It IS true that the literature which has appeared has been based on insufficient, in- 
secure, and often unreliable data However, most of the reports have been favorable 
The two which Doctor Caldwell quoted were unfavorable, but the great majority have 
indicated a clinical impression that roentgenotherapy has been of value in the treatment 
of gas gangrene 

However, our committee was not satisfied with the data as they appeared, and we 
asked Doctor Kellv to reassemble his material m order to answer seven questions which 
we put to him, and which we thought were significant He did so, and the data which 
he then submitted to us seemed to indicate that we will have to give careful experimental 
consideration to this method of treatment Certain statistics which he has assembled, 
not only from his own work but from the reports that have appeared in the literature, 

I would like to quote In a total of 364 cases, which includes his own as well as those of 
others that have been reported, the mortalitv is ii 5 per cent In those cases in which 
only a clinical diagnosis was made, without bacteriologic or roentgenologic evidence, 
the mortality was 17 2 per cent Where the diagnosis was indicated by the presence of 
gas in the tissue, without bacteriologic control, the mortality was 17 per cent, and in 
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tliose cases in winch the diagnosis w-as confiinied b}' bactenologic examination, it was 
onh' 8 6 per cent 

In review'ing all of the cases, it seems likeh that most of them were reallj gas 
gangrene and that the mortality has been matenalK reduced, in that series at least, b\ 
the use of irradiation, in addition to other methods 

In Doctor Caldwell’s experimental W'ork it certainly seems as if he has demonstrated 
that with these guinea-pig infections roentgenotherapy w'as of no value whatsoe%er Yet 
I do not feel that we can carry over the results of animal experiments to human cases, 
particularly with small animals One leason is that the irradiation has to be given o\er 
a large proportion of the body surface and mav, of itself, be injurious Other w'orkers 
have had similar results as far as guinea-pigs w^ere concerned, but in dogs, it has been 
demonstrated that roentgenotherapy has been more successful in decreasing the mortalitj 

\Ve think that all of these different methods of treatment for the prevention and 
cure of infection in contaminated wounds have to be subjected to an extensne and well- 
controlled clinical experiment This has been planned bj the subcommittee on Surgical 
Infections This plan is recorded m one of the papers which is read bj'' title at this 
meeting We are now' w'aitmg for adequate financial support to carry that plan through 
It IS based upon a complete bactenologic analysis of all of the w'ounds w'hich we propose 
studying — burns, badly lacerated, contaminated wounds, and compound fractures — w'lth 
categories to include those methods of treatment that seem most likely to give fa\orable 
results Among these are irradiation and the new'er chemotherapeutic agents We trust 
that at the end of the study we will be able to answ'er this question, w'hich, as our 
president said, must be solved in the course of time We hope that b\ this plan we can 
solve It III a relatively short period of time 

Dr Philip D Wilson (New' York, NY) There are just two little points that 
I thought might be of interest m regard to gas infection, that I learned in England The 
first is 111 regard to debridement That not only in debridements in general, but particu- 
larly in cases of gas infection, it is too often forgotten that the blood supply of the long 
muscles enters at the upper end and that, therefore, when debridement is undertaken m 
the center of muscle the distal portion of the muscle should also be remo\ed 

The second was in reference to the studies of sulfathiazole or chemotherap% in the 
treatment of gas infection , tw'o independent groups of w'orkers in England reported 
practically identical conclusions That sulfanilamide had practically no effect on tlie 
control of gas infection , that sulfapyridme w'as w'lthout effect likew'ise , but that sul- 
fathiazole very definitely did have effect, and that the best results were obtained by the 
combined use of serum and sulfathiazole 
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CONSERVATIVE AMPUTATION OF GANGRENOUS PARTS 
BY CHEMOSURGERY^t 

F E Moiis, M D , E L Sevringhatjs, M D , and 
E R Schmidt, M D 

Madison, Wis 

mOM Till CHFMOSrRCFUY CLINIC TIIF DFPVIITMENT OP MEDICINE AND THE DFPAHTMENT OF SUIIGFRI, UNIMRSITI 
OF \\ISCONSIN MEDICAL SCHOOL, AND ^\ISCONSI^ GEVERAL^HOSUTAI , MADISON WIS 

The chemosurgical treatment of gangrene is an outgrowth of the 
chemosurgical method foi the microscopically controlled removal of accessible 
cancers ^ In the course of the cancer investigations, it was observed that fol- 
lowing the separation of the tissues which had been chemically killed and fixed 
m situ, 1 c ,on the body of the patient, there developed an exceptionally healthy, 
highly vascular, germ-i esistant aiea of granulations which supported the rapid 
ingrowth of epithelium and led to healing with a remarkably healthy, smooth, 
pliable scar The idea that this excellent healing might be used to advantage 
m the conservative amputation of gangienous parts led to the present investi- 
gations 

Techmc — The technic of the chemosurgical treatment of gangrene in- 
volves First, the chemical fixation of the gangrenous part, and, second, the 
surgical excision of all but a thin layer of the tissue thus fixed A number of 
fixative chemicals have been used but zinc chloiide has been the most satis- 
factory This chemical is incorporated m a concentration of about 40 per cent 
m a special plastic base - 

The steps in the technic may be illustrated by the accompanying diagram 
showing a gangrenous great toe and a gangrenous sinus which extends several 
centimeters up along the flexor tendon sheath (Fig i) The first step is to 
rendei the suiface keratin permeable to zinc chloride by applying a keratolytic 
such as dichloracetic acid The zinc chloride paste is then applied to the toe 
in a layer 2 Mm thick, m order to fix the toe to a level somewhat proximal 
to the limits of the visible gangrene The material is held m place by a cotton 
dressing, and excessive drying is avoided by covering with a second layer of 
cotton, spread with vaseline Although usually unnecessary, orders are writ- 
ten for analgesics to be given as required 

After about 24 hours, the entire toe has been fixed and can be amputated 
with a scalpel and bone rongeur (Fig i A) Since only fixed tissue is in- 
cised, theie IS no pain or bleeding fiom this procedure unless the incision is 
inadvei tently cairied into living tissue If bleeders are encountered, they are 

♦Read in part before the American Surgical Association, White Sulphur Springs, 
W Va , April 30, 1941 

tThis project was aided by the Thomas E Bnttmgham Fund, the Jonathan Bowman 
Memorial Fund and the Wisconsin Alumni Research Foundation 
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coagulated by applying small squares of fixative-impregnated gaiue imdei 
momentaiy pressure 

If the cut-surface piesents an area of soft grayish tissue (Fig i B) it is 
necessary to carry fixation farther Often gangienous sinuses extend some 
distance up along the tendon sheaths, penosteum and other stiuctuies Fixa- 
tion and excision is repeated until a gangrene-free saucenzed area lesults 
(Fig I A, level of amputation at three days) Then sterile vasehned gauze 




GonqrcnouS 

Smu3 


Cross section at 24 hour level 


Level of Amputation — 24 hours 
'Level of fixotion — 24 hours 

Level of Amputation — 48 hours 
Level of fixotion — 48 hours 

^'Levcl of Amputation — 3 days 
'Level of fixation — 3 days 


Fio I — Diagram showing the technic for the chemosiirgicil amputation 
of a gangrenous toe (A) Dorsal \ie\v The shaded area represents the 
MSible gangrene The dotted line indicates the location of a deep gangrenous 
sinus Notice that the le\el of amputation at each 24 hour interval is just 
distal to the level of fixation, thus incisions are made onlv through fixed 
tissue Also notice the waj in which the wound is kept saucenzed (B) 

Cross section at the level of amputation at 24 hours The gangrenous sinus 
which in this example followed along a tendon sheath, is easilv distinguished 
b} Its softness and darker color from the surrounding nongangrenous tissue 
which in the fixed state is firm and grajish white 

diessings or warm compresses are applied, and separation of the thin final 
layei of fixed tissue is awaited In favorable cases, most of this layei can he 
lemoved after a Aveek 01 ten days The hone is left foi another week or so 
to allow a line of demai cation to form between the fixed and unfixed bone 
Adhesions aie allowed to form aiound tendons so when they aie cut they will 
not retract into then sheaths — forming sinuses which may cause recurrence of 
infection and gangiene Bettman’s* scarlet led-oxyquinoline sulphate gauze 
is used to piomote healing and to prevent infection The patient ma} walk 
around dui ing healing 

Results — Of a total of 66 gangrenous extremities, occurring m 60 patients, 
healing occuried in 40, or 606 per cent (Table I) In diabetic gangrene the 
results neie better than in plain senile arteriosclerotic gangrene Thus, in 58 
cases of diabetic gangiene healing occuired in 63 8 per cent, while in six cases 
of arteriosclerotic gangrene healing occui 1 ed in onl\ 33 3 per cent One case 
of gangiene, in a case of Buerger s disease was nearly healed when the patient 
developed an acute recurrence of ciiculator} impairment, the ulcer widened 
and became so painful that the leg w^as amputated, though the gangiene did 
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not leappear One case of fiost-bite gangiene involving the tips of four toes 
responded well 

Of the 26 unsuccessful results ten ^\ ere due to failure of the hasal layer of 
fixed tissue to separate In six, theie was extension of the gangiene, in one, 
extension of puiulent infection, and in one, extension of gas hacillus infection 
Four signed their release and four died of intercuirent diseases before healing 
occui red 


Tvblc I 

RESULTS 01 CONSIRV\TI\L CIIEMOSURCICA! WIFUTVTION IN GANCRCNE 
01 \ \RIOUS ETIOLOGIC T\PI S 



No of 

No 

Per Cent 

Etiolog> of Gingrcne 

Lesions 

Healed 

Healed 

Diabetic artcnosclcrosis 

S8 

37 

63 8 

Senile artenosclerosis 

6 

2 

33 3 

Thrombo angiitis obliterans 

I 

0 

0 

Frost bite 

I 

I 

100 0 

Total all types 

66 

40 

60 6 


It should he pointed out that these statistics lefei to an essentially un- 
selected gioup of cases in which a number of obviously poor subjects weie 
included, and that the cases tieated dining the developmental period are in- 
cluded as well as those ti eated after the technic was pei fected 

There were no deaths attributable to the pioceduie in this series, and in 
no instance was thei e a breakdown of the scai once healing had occurred, even 
though gangrene might occur elsewhere on the same or opposite extiemity 



Tig 2 — Case 1 Diabetic Rangrene of right great toe (A) Before clieitiosurger} (B) Ten da>s 
hter showing excellent granulations (C) Six months later showing health} scar 

The following case lepoits illustrate the lesults of chemosurgeiy m some 
of the commonly-met foims of gangiene 

CASE REPORTS 

Case I — F W , male, age 57, diabetic Four months before admission the left great 
toe had been “burned” by kerosene which had been spilled on a felt slipper The resulting 
sore failed to heal despite warm compresses Soft gangrenous tissue purulent exudate, 
and spicules of bone were observed in the deep ulcer (Fig 2 A ) The diseased tissue 
was fairly well-demarcated from the surrounding tissues, which show'ed a moderate 
amount of inflammator\ reaction The dorsalis pedis and posterior tibial pulsations were 
moderately strong Qiemosurgical amputation was complete m three da\s Seven dajs 
later the basal layer w'as removed, revealing excellent granulation tissue (Fig 2 B) 
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Healing was uneventful and a healthj' scar Mas observed on a check-up \isit st\ months 
later (Fig 2 C) 

Case 2 — D M , male, age 73, with senile arteriosclerosis, no diabetes For one eear 
prior to admission the left fourth toe had been more or less inflamed and painful During 
the past three months the entire toe had become gangrenous despite conservative treat- 
ment with warm compresses at another hospital The junction between the gangrenous 
and living tissues w'as fairly well-defined, and there was a copious, odoriferous, purulent 
exudate (Fig 3 A) The adjacent tissues were slightly inflamed 



Pig 3 — Case 2 Senile arteriosclerotic gangrene of the left fourth toe (A) Before chemo 
surgery (B) Twent> four dajs later, showing skin growing across granulation tissue (C) Three 
months later, showing excellent scar 


Four days were required for chemosurgical removal of the gangrenous toe and a 
sinus which extended into the dorsum of the foot The fifth toe was also amputated, 
since its blood supply could not be preserved The basal layer of fixed tissue was re- 
moved 12 davs later, and m another six davs the fixed bone was removed B\ the 
twenty-fourth day, the granulations were excellent and epithelization was progressing 
rapidly (Fig 3 B) A healthy scar resulted (Fig 3 C) 

Case 3 — C C, female, age 58, diabetic Six weeks before admission a sore de\ eloped 
at the base of the left fourth toe wdiich became red and swollen Bone destruction caused 
the toe to become shortened and flabby Five days before admission the second toe sud- 
denly turned black Midthigh amputation was advised but was refused b^ the patient 
Copious, foul, sangumo-purulent material exuded from sinuses at the base of the toes The 
entire foot w'as red and sw'ollen (Fig 4 A) 

The viable third and fifth as well as the gangrenous second and fourth toes were 
chemosurgicailj amputated because the infected gangrenous sinuses involved the bases 
of all toes except tiie first Five davs w'cre required for removal of the affected tissues 
liccause the copious exudate diluted the fixative chemical Warm compresses were 
applied and m 12 davs the basal laver had separated Healing was uneieiitful and the 
result was a usable foot (Fig 4 B) 

Case 4 C M , male, age 57, diabetic One month before admission the left foot 
began to swell, and in one week it ruptured over the ball of the foot, draining large 
aiiiounts of pus Despite boric acid compresses, incisions, and Dakin’s irrigations, the 
sinuses extended back to the heel and through the foot to the base of the fourtii and fifth 
toes on the dorsal surface The third toe had recentK become gangrenous (Fig 5 \ 
and B) The affected tissues were onh fairh w’ell-demarcated from the surrounding tis- 
sues but the iiiflammatori reaction was marked The dorsalis pedis and posterior tibial 
pulsations were nioderatelj strong Tiicrc was a fairh good histamine wheal reaction 
on the dorsum of the left foot 

The lateral three toes were amputated b\ the fourth da%, anti the walls 01 the gan- 
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grenous sinuses treated by inserting gau/c, impregnated ^\lth the fixative, to prevent the 
chemical from being washed out by the exudate By the fifteenth day, the basal layer of 
fixed tissue had separated on the dorsum, and a few days later the plugs of fixed tissue 
w'ere removed from the sinuses (Fig 5 C and D) The sinuses W'ere collapsed b> pres- 



Fig 4 — Cnse 3 Dnlietic gingrene of the left second and fourth toes with gangren 
ous sinuses at bases of all but the great toe (A) Before chemosurgerj (B) Eleven 
months later, showing usable foot 


sure-dressings so the walls healed together B> this means, it was possible to preserve a 
good bearing surface, enabling the patient to walk anj distance without discomfort (Fig 

5 E and F) 

Case s — K P , female, age 74, diabetic Six weeks before admission the patient had 
removed a callus from the plantar surface of the right great toe This toe became sw'ollen 
and painful Despite conservative treatment m the hospital with warm compresses, in- 
cisions, and Dakin’s solution irrigations, the plantar and medial surface of the great toe 
became gangrenous and the entire anterior part of the foot became riddled w'lth gangrenous 
sinuses A small area of gangrene also developed on the dorsum of the foot (Fig 6 A) 
The gangrenous areas were fairlj well-demarcated from the surrounding tissue and the 
inflammatorj reaction was marked The dorsalis pedis pulsation w'as strong 

Refusing the advised midthigh amputation, the patient consented to chemosurgical 
treatment The anterior part of the foot was removed in nine dajs Large pockets filled 
with pus and gangrenous material were encountered At the end of tw'o months the 
basal layer of fixed tissue, including the bone, had separated and healing was w'ell under 
w'aj (Fig 6 B) At a check-up visit, ten months later, the stump had healed w’ell (Fig 

6 C) and the patient could w-alk on the foot, with only a slight limp 

PicdicUon of Outcome — In order to determine what factors aie most 
impoitant m predicting the outcome of chemosurgical amputation in a given 
case, all leferred cases were accepted for chemosuiger}!, wdiethei 01 not it w'as 
thought that healing Avould occur 

The moie significant prognostic ciiteria are summarized as follows 
(i) Diabetic gangiene has a better prognosis than the senile aiteiio- 
scleiotic type Doubtless, the difference depends largel}! upon the predomi- 
nant influence of infection in most cases of diabetic gangrene as contrasted 
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With the piedominant influence of ischemia m most cases of aiteiioscleiotic 
gangrene 

(2) The younger the patient, the better the prognosis 

(3) The more definite the demai cation between the gangienous tissue 
and the living tissue the bettei the chances for healing 

(4) The greater the leaction of the living tissues to the gangienous tissue, 
as indicated by ledness, swelling, heat and puiulent exudation, the better the 



Fig 5 — Ci<;e 4 Diabetic ganKrene of the left third toe, i\ith interconnected gangrenous sinuses 
on dorsal and plantar aspects of foot (A and B) Dorsal and plantar slews before ebemosurgers 
(C and D) Fifteen dajs later showing granulation tissue dorsalis and adherent fixed tissue in the 
plantar sinuses (E and F) Six months later, shossing ssell healed scars and good ss eight hearing 
surfaces 


outlook In other words, a ^^et infected gangrene in a markedly inflamed foot 
has a better prognosis than a diy ischemic gangrene in a pale cool, unswollen 
foot 

(5) 111 geneicil, stiong pulsations in the doisahs pedis and jiosttrior tihial 
arteiies are good prognostic signs, but their absence does not necessanh in- 
dicate a poor piognosis, because collateral circulation may be efficient 

( 6 ) A high degree of arteriosclerosis as indicated by palpable thickening 
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of the ladial vessels and by calcification, shown in i oentgenograms of the feet, 
IS often, but not always, indicative of a pooi piognosis because a good ar- 
teriolar and capillai y cii dilation may be pi esent in spite of markedly sclerotic 
arteries 



t 

Tig 6 — Case 5 Dnbetic gangrene of 
the left greTt toe and dorsum of the foot 
with hone> combing of the entire anterior 
part of the foot b\ pus filled gangrenous 
sinuses (A) Before cheniosurgcr\ (B) 
T^vo months later shoving skin closing in 
over granulation tissue (C) Ten months 
later, showing functional stump 



(7) The histamine A\heal test is an excellent mdicatoi of capillary func- 
tion and, hence, of prognosis, but the same infoimation can often be obtained 
by noticing the degi ee of mflammatoi y i eaction to the gangi ene 

The lapidit}^ with which the gangrene had piogressed, the extent of the 
gangi ene, and the amount of bone destruction were essentially without piog- 
nostic significance In diabetics, the duiation, severity and control of the 
diabetes were unimpoitant in estimating piognosis 

That the efficiency of circulation m the extiemity is a piime factoi m de- 
termining the outcome is indicated by the finding that in 32 extremities with 
“fairly good’’ circulation, healing resulted m 93 8 pei cent — ^there were two 
failures, one due to gas bacillus infection which was at ankle level wdien tieat- 
ment was started, and one to caidiac failuie in a patient who w'as seveiely 
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decompensated at the beginning ot tieatment On the othei hand in 34 ex- 
tiemities \Mth a “pooi” 01 “fair” cii dilation, healing occniied in ten, or 
29 4 per cent The fact that 29 4 pei cent of the latter gi oup healed, indicates 
that the prognostic ciiteiia listed above aie not infallible 

The Thciapcutic Test — The only absolutely certain means to determine 
hou a given case will lespond, is to chemosui gically amputate the gangrenous 
part and obserie the lesion for ten davs If by this time the layei of fixed 
tissue has not begun to sepaiate it may he concluded that it will nevei do so 
and the leg should he amiiutated immediately 

E^en if the chemosui gical amputation pioves unsuccesstul the patient has 
lost nothing as a result ot the thei apeutic test except the ten days Balancing 
this loss of time howevei is the fact that the chemosui gical removal of most 
of the infected gangrenous tissue 1 educes sepsis and lendeis the patient a better 
surgical risk than he w ould othei w ise ha\ e been 

Discussion — Why uould not conservative sui gical amputation be as suc- 
cessful as chemosui gical amputation m a similai gi oup of cases ’ In the first 
place, the field is usually moie or less infected and fiesh-cut surfaces have 
a lo\\ei lesistance to infection than the gei m-resistant gianulations following 
chemosurgeiy The fixative chemical moieoxei, sterilizes the treated area 
Second, there cannot help but be a ceitam amount ot tissue neciosis m a 
surgical wound if from nothing else than the incision itselt Ligatures and 
sutures cause additional neciosis These aieas of dead tissue may act as a 
source of furthei extension of the gangiene Third the optimum level for 
amputation cannot be selected as accurately by surgei} as by the chemosui gical 
method which can follow out each unsuspected gangrenous sinus Being a 
state institution, our hospital usuall) leceives gangiene cases after they have 
become quite advanced under conseivative treatment elsewhere Therefore, 
few conservative sui gical amputations have been feasible , however, with the 
chemosui gical method, a large pioportion of the cases aie now' tieated con- 
servatively 

The saving of limbs, made possible by chemosurgeiy. is of special value m 
elderly people, usually affected by gangrene, because these patients do not 
readily become accustomed to aitificial limbs jMoieover, the low' operative 
risk with chemosurgery is an impoitant advantage because the major ampu- 
tations which w'ould otherwise usually be necessaiy cany a mortality which 
may vaiy from 13 i to 75 per cent m vaiious hospitals m this country^ 
Complicating conditions such as fevei and poor control of diabetes due to 
infection m the extiemity, do not conti amdicate chemosurgeiy, m fact, these 
conditions are quickly bi ought under control wdien chemosurgical treatment 
IS instituted 

Some degree of improvement m the lesults of chemosurgical amputation 
may well come from attempts to impiove circulation during the critical period 
W'hen the basal layer is separating The use of certain proteolytic enzyme 
preparations during this period also show's piomise of improving results in 
certain border-line cases 
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SUMMARY AND CONCLUSIONS 

The chemosurgical technic for the conservative amputation of gangrenous 
paits involves First, the chemical fixation of the involved tissues, and second, 
the suigical excision of the fixed tissues The extraordinarily favorable heal- 
ing after this piocedure made possible successful results m over 6o per cent 
of 66 conseivative amputations in a series of cases which was essentially un- 
selected in legard to circulatory efficiency There were no breakdowns of 
the scais once healing had occurred, and there were no operative deaths m 
this senes The method enables the conservative treatment of gangrene to 
be extended to a much larger gioup of patients than previously possible 
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Disclssion — Dr Damon B Pcfiffer (Phladelphia, Pa) Would it be possible 
to have a little more detailed account of the technic that is employed^ I think the results 
are admirable 

Dr F E Mohs I do not know that I can make it much clearer without actually 
having patients to demonstrate, but the fixative is applied as a paste to the invohed part 
Not only the gangrenous tissue is removed, of course, but some normal tissue as well 
The zinc chloride solution is incorporated in a special base which has special prop- 
erties, which I do not believe I have time to discuss now, but it is discussed in the papers 
that have already been published on the chemosurgical treatment of cancer (Cancer 
Research, January, 1941, Arch Surg, February, 1941 ) It has the property of enabling 
penetration to be controlled over a wide range of depths b> simply altering the depth 
of application of the paste, so that penetration can be as great as 2 cm m 24 hours 
After the tissue has been fixed to the desired depth, it is simply excised, the incision 
being made through the fixed tissue and not through the living tissue If it is seen that 
the gangrene extends still further, the fixatne is applied not only to the gangrenous area 
but to the whole area, so that the final wound is saucer-shaped 
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A PLAN FOR THE STUDY OF WAR WOUNDS* 

Frank L Meleney, M D f 
Nrw Youk, N Y 

The tresent emergency has come upon us so soon aftei the last World 
Wai that many suigeons who took part then are still available foi service in 
the Aimy, but most of them aie ovei age 50 and wnll not be called unless 
they volunteer The experience which the}’’ obtained 111 the treatment of war 
w ounds gave them the know ledge of the 1 esom ces available at that time, and 
most of them attempted to apply these pimciples m their civilian practice 
after their leturn But civilian accidents simulating w^ar wounds are rela- 
tnely few^ and it is safe to say that, 111 the minds of many, the details of the 
methods commonly employed m those days have been f 01 gotten, and the expe- 
rience itself is fast fading from memory But the vast number of surgeons 
who must be called to the colois, if we go to war, wnll have had no experience 
wdiatsoever m the caie of w^ai wounds, so we aie faced with the pioblems of 
preparing ourselves for the woik which we wnll have to do 

It has fiequently been said that the most valuable contribution made to 
scientific medicine in the past w^ar w'as the development of the Canel-Dakin 
treatment, both in the prophylaxis and the treatment of w^ound infections 
This was almost universally acknowdedged by the surgeons of the last war 
and all of them, wnth hardly any exception, had full opportunity to dem- 
onstrate Its value III the care of war w'ounds It w^as the general consensus 
of opinion that its chief value consisted m its ability to liquefy necrotic 
tissue How'ever, it w^as not stiongly bacteiicidal, its period of action was 
Iirief and it had to be leapphcd at frequent intervals This necessitated pio- 
longed and frequent dressings with consequent tiauma to the wound surfaces 
It was also found to be mildly irritating to the tissues and an inhibitor of 
w^ound healing 

In the last 20 yeais, although the Cairel-Dakin treatment has been used 
continuously m a good many institutions, close inquiry among practicing sur- 
geons reveals the fact that it has gradually gone out of use m most hospitals 
A number of substitutes have been proposed and have been employed more 
or less extensively, and a number of other antiseptics quite different in their 

* Presented by title before the American Surgical Association, White Sulphur Springs, 
W Va , April 28, 29, 30, 1941 

T Chairman of Subcommittee on Surgical Infections of the National Research Council 
This paper is presented with the consent of Dr L H Weed, Director of the Division of 
Medical Sciences of the National Research Council , Dr Evarts Graham, Chairman of 
the Surgical Committee , and Dr P H Long, Chairman of the Committee on Chemothera- 
peutic and Other Agents The plan has been developed by and the paper written with the 
aid of the members of the Subcommittee on Surgical Infections — Dr John Lockwood, 
Dr Perrin Long and Dr Champ Lyons 
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chemical and physical piopeities have been advocated and have been used 
to a limited extent 

Of couise, civilian, accidental, contaminated wounds vaiy somewhat from 
battle casualties but the Mounds of bombing victims, so numeious m the pies- 
ent war, are very similar to street accidents There are, to be sure, penetrat- 
ing wounds fiom glass and shell fragments which extensively damage deep 
tissues, but the gieat majoiity of these casualties aie caused by falling walls, 
upheaving pavements, the impact of bodies thiown by the blast, and burns 
fiom vaiious causes 

Wounds fiom an laids and street accidents are often crushing lather than 
penetrating and stieet diit m this hoiseless age is less likely to carry tetanus 
bacilli than the soil of cultivated fields, but the gas gangiene organisms of 
human intestinal origin are ubiquitous Compound fiactures m civilian acci- 
dents are often compounded by penetration of the skin by the bone from 
within outward, thus minimizing bacterial contamination -while bone injuries 
caused by missiles may be associated nith gioss bacterial seeding Civilian 
levolver and rifle wounds aie snnilai to rifle oi machine gun bullet wounds 
among soldiers, but m civilian accidents theie aie relatively fewei wmunds m 
which there is likely to be extensive trauma such as is pioduced in the deep 
tissues by fragments of high explosive shells 

Experience with these civilian nmunds dm mg the last 20 years has re- 
sulted m a consensus of opinion which M'as expiessed at a Panel meeting of 
the American College of Surgeons m New Yoik City m 1938 Practically 
all of those who voiced their point of view, at that discussion, stated em- 
phatically that they believed these nounds should not be treated ivith Dakin’s 
solution 01 any othei foim of antiseptic All stressed the early debridement 
of the damaged tissue followed by immobilization of the part, with a minimum 
of diessmg, and either a primary or a delayed primary sutuie The author 
was the only peison at that Panel discussion who advocated, m addition to 
the methods approved by the others, the use of an antiseptic which had re- 
cently been found which was noniri itating to the tissues, which favored 
wound healing, and which eftectively inactivated or destroyed the organisms 
commonly found m contaminated -wounds, namely, zinc peroxide It was 
pointed out that this substance was not like ordinal y antiseptics but it probably 
perfoimed its bactericidal and bacteriostatic function by the giadual, slow, and 
continuous evolution of oxygen It piovided a highly oxygenated environ- 
ment unfavorable to the giowth and the toxin formation of the contaminat- 
ing bacteiia and it favored the proliferation of reparative tissue Its use, 
however, lequiied that the wound be left open and, because of its insolubility, 
it could not be used if the wound were to be closed 

At that meeting m New Yoik, veiy brief mention was made of the pos- 
sibility of using sulfanilamide by mouth in the prophylaxis and treatment of 
contaminated accidental wounds, but no one thought of the possibility or at 
any rate no one suggested that any of the sulfonamide di ugs be applied locally 
to a Mound as a prophylactic 
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In the last two yeais, some veiy s^icat changes have taken place in the 
attitude of siiigeons tow aid the local use of antiseptics in contaminated acci- 
dental wounds, laigel} due to the fact that the sulfonamide diugs have come 
into such a piomment place m the treatment of infections When these were 
first intioduced, they wcie used pi incipall}'’ in hemolytic streptococcus infec- 
tions, fiist in septicemia due to ptierpeial fever and later in other types of 
hemolytic streptococcus infections of a diffuse nature 

In the eail} da}s, the scope and limitations of sulfanilamide weie not 
well-known It lequiied time to develop expeiience with the systemic use of 
this diug to know' how' much could be toleiated by the patient and what dosage 
would be effective m ain given condition 

The toxic effects of the diiig, when gnen s) stematicall} , w'eie at times 
alaiming and the eaily w'oikeis in this field reiy pioperly advocated caution 
in expanding the scope of the new diug It w'as taken up perhaps inoie 
rapidly by the medical men than by the suigeons because they had no othei 
means to combat such widespread hemolytic sti eptococcus infections as pneu- 
monia, septicemia, meningitis, and peiitonitis Moreovei, it w'as early showm 
that sultanilamide w'as much more effectne w'hen the infective piocess was 
diffuse than when it had become localized and was thus amenable to suigery 
The effect of the diug in concentiated form on the tissues had not then been 
demonstrated 

It was soon found that the systemic administration of sultanilamide w'ould 
frequently abort hemolytic sti eptococcus infections wdiich formerly had almost 
invariably piogressed cither to widespread cellulitis and septicemia or to ab- 
scess formation Even wdien administeied late m the course of a surgical in 
fection, the diug seemed to modify favoiably the couise of the disease 

The earlier pieparations — piontosil and sulfanilamide — show'ed unmistak- 
able \irtue in the control of the hemolytic streptococcus infections, but when 
they w'ere applied to lesions caused by other oiganisms it was found that they 
w'ere less effectne and against some organisms they had no effect whatsoever 
This led to the development of related chemical derivatives of all kinds, in 
the hope that the specificity of sulfanilamide might be modified so as to make 
It more geneial m its application The failuie of sulfanilamide to control non- 
hemolytic streptococcus, pneumococcus and staphylococcus infections was 
particularly disappointing, but it was soon found that sulfapyiidme promptly 
bi ought pneumococcus infections to an end m most cases, and later it was 
discovered that sulfathiazole had an effect not only against the pneumococcus 
but against many strains of staphylococcus The gas gangiene organisms and 
tetanus, as w'ell as the anaerobic streptococci and gi am-negative bacilli, how- 
ever, continued to give very confusing and inconsistent results The effects 
on ceitam of the gram-negative bacilli were likewise variable but some of the 
B coll infections, paiticularly of the urinary tract, seemed to be favorably in- 
fluenced by these drugs for they are largely eliminated through the kidneys 
and pass through those organs in a much higher concentration than they attain 
in the blood stream, without obMous damage in most cases In some in- 
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stances, to be suie, the acetylated forms of the drugs, paiticulaily sulfapyn- 
dine and sulfathiazole, mechanically block the kidney tubules but this difficulty 
has been largely overcome by a more adequate fluid intake 

Little by little, evidence began to accumulate that these drugs might be 
used locally without gieat damage to the tissues Concentrations a hundred 
times as great as could be obtained in the blood were possible if the crystalline 
or powder foim of these diugs was placed in the soft parts Such concentra- 
tions 111 the test tubes seemed not only to be more effective against the hemo- 
lytic streptococcus but had some action against certain other organisms not 
affected at all by the concentrations obtained m the blood stream Further- 
more, it was found that these drugs are absoibed from fresh tissue surfaces 
01 fiom serous cavities and reach levels in the blood comparable to those 
obtained by mouth medication After a variable length of time, the diffeient 
diugs are then eliminated from the body 

Such observations made by a number of different investigators seemed to 
\\airant the hope and expectation that these drugs might be used locally to 
combat established infections and to prevent the development of infections in 
contaminated tissue It is natuial to believe that anything which is effective 
in the tieatment of a disease ought to be still more effective as a prophylactic 
The advent of war brought this pioblem very promptly to the fore and it 
was essential that the medical departments of the Aimy and Navy should 
attempt to evaluate the new^er methods of tieatment, in all kinds of medical 
and surgical diseases to which soldieis or civilians are paiticularly susceptible 
when they aie concentiated m temporaiy camps, cantonments, oi refuges m 
time of w'ar Likewise, it was essential that the newer methods of preventing 
and ti eating infection in accidental or intentional wounds and bums be prop- 
erly evaluated and standardized The suigeons general of the Army and 
Navy therefore lequested professional advice fiom the National Research 
Council The National Reseaich Council duimg the past year has appointed 
certain committees made up of individuals particulaily mteiested in various 
phases of this pioblem to leach a consensus of opinion oi to foimulate plans 
for studying furthei those questions not yet satisfactorily answ^ered 

With many diseases common to civilian piactice, it was possible foi the 
committees to promptly agiee on the best methods of tieatment With legard 
to the treatment of contaminated wounds, the situation was entirely different 
The committee wdiich the National Research Council appointed to consider 
the problem of infection in wai wounds and burns was not able to diaw from 
Its own experience or obtain fiom any of the available hteiatnre unmistak- 
able evidence to permit the laying dowm of any piogram oi directions for the 
treatment of wai wounds The leluctance of the membeis of the surgical 
profession to use any foim of antiseptic indicated a prejudice which had to 
be overcome by incontrovei tible evidence that the use of the new" chemo- 
therapeutic agents, eithei locally or generally, (a) w"ould do no haim, (b) 
would mateiially i educe the incidence, the severity and the duiation of wound 
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infection as coinpniccl with siinplci and safei methods, and (c) would 
minimise disahiht}, dishguiement and the incidence of death 

In recnewung the articles which have appealed in the medical liteiature 
not onl} of Amei ica but of England and the othei Em opean countries, it was 
appaient that most of the lepoits repicsent clinical impressions rathei than 
demonstrated facts In ohseivations and lepoits of mduidual cases without 
pioper contiols, credit was given to one out of many methods of tieatment 
used The bactenologic studies befoic, dining, and after tieatment weie tor 
the most part either incomplete oi totall)' absent Expeiimental woik m 
laboratories not only failed to recogni 7 e fundamental diffeiences betw^een 
animals and man but fundamental difieiences between expeiimental and 
clinical conditions 

The committee, theiefoie, leported to the Singeons General of the Army 
and Nary that it would be nccessarr to can 3 out a comprehensive and well- 
controlled series of clinical obsei rations m a laige number of seriously con- 
taminated rrounds among the civilian population simulating as nearly as 
possible contaminated rrounds as seen on the battlefield 01 among the victims 
of bombing raids In an) civilian population, such cases aie lelatively few 
in number and m oider to obtain a laige amount of data in a relatively short 
time such a study rvould hare to be earned out m a number of different 
centers Furthermore, a complete and adequate study fiom a bactenologic 
and chemical point of rierv could not be earned out m any given center 
rvithout a staff adequately tiained to cover all phases of the problem, pie- 
pared to observe the progiess of the cases from stait to finish m the same 
institution, and able to con elate and evaluate the assembled data 

A plan has, therefoie, been evolved rvhich is designed to obtain data 
from 2,000 cases in the couise of six to nine months’ time, with categories 
covering the various forms of tieatment thought most likely to give the 
best results It is believed that rvhen the study has been completed it will 
be possible to lay out a program foi the caie and tieatment of these cases 
W'hich rvill be based on incontrovertible proof 

THn KNOrVN FACTS TO DATE 

Gleaned from our own experience and that of othei s repoited in the lit- 
erature in the last three 3^ears, what facts do we have to start with, which 
we can use as a basis foi such a comprehensive plan^ The following facts 
seem to be well established 

(1) Accidental wounds and wai wounds are all contaminated by bac- 
teria 

(2) There IS nearly always some damage to deep tissues with extravasa- 
tion of blood Sometimes there is tearing of muscle and fracture of bone 

(3) The growth of organisms is favored by the presence of injured tissue 
and foreign bodies introduced into such wounds 

(4) Certain organisms get into the wound at the time of the accident 
and others contaminate it later as long as it remains open 
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(5) Any oiganism which gets into a Mound may find conditions favor- 
able to its growth enabling it to colonize in the wound and produce its 
poisons This may take place as early as two to three hours after con- 
tamination 

(6) Motion m any infected tissue increases the activity of the infection 

(7) Surgical debridement muII lemove a large proportion of the con- 
taminating organisms, foreign bodies, and damaged tissue 

(8) Such wounds cannot be completely steiilized by any knoum pro- 
ceduie, but the proportion of organisms removed b}^ debridement depends 
upon the care that is employed and the time after contamination that the 
operation takes place 

(9) Some debrided Mmunds may be closed with impunity and may heal 
without infection, Mdiile otheis so tieated may become infected depending 
upon the completeness of the debridement, the time of the debridement after 
mjur}’^, and the number and virulence of the organisms still present after the 
debridement has been completed 

(10) Leaving debrided wounds open decreases the probability of serious 
infection but permits secondary contamination of the wound if proper pre- 
cautions aie not taken Contaminating organisms may giow on the surface 
of a wound and not necessarily delay its healing Hemolytic streptococci com- 
ing from nose or throat of attendants not infiequently secondarily infect open 
wounds 

(11) Patients who have leceived accidental injuries are frequently in 
shock when they leach a hospital 

(12) Sulfanilamide may be taken by mouth m doses of six giams initially 
and six grams in 24 hours distiibuted at four-hour intervals without serious 
consequences m most cases and this will maintain a level m the blood of 
approximately 5-10 mg per cent as long as it is being given 

(13) Sulfapyndine may be so admmistei ed, but it is veiy nauseating and 
much more difficult to maintain a constant blood level because of its vaiiable 
and generally slower rate of absorption 

(14) Sulfathiazole may be so admmistei ed and is less nauseating than 
sulfapyndine but is even more difficult to maintain a constant blood level 

(15) Sulfanilamide when given by mouth is particularly effective against 
the hemolytic streptococcus and will pi event its groM'th and spread from 
almost any poital of entry It is relatively less effective against other 01- 
ganisms 

(16) Sulfapyndine when given by mouth is effective against the hemolytic 
sti eptococcus and pneumococcus, but it has 1 datively less effect on the other 
organisms 

(17) Sulfathiazole when given by mouth is effective against the pneumo- 
coccus, and to some extent the Staphylococcus auieus, the hemolytic strepto- 
coccus and B cob, but it has relatively less effect on othei organisms 

(18) The effect of these diugs Avhen given by mouth has a variable 
and uncertain effect on the gas gangi ene and tetanus clostndia and the anaer- * 
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obic gram-negative bacilli and streptococci 

(19) The bacteiicidal and bacteriostatic eftects of these drugs aie handi- 
capped or inhibited by the presence of pus or exudate, or split products of 
piotein, especiall} peptones, which are present in pus or damaged tissue 

(20) Sulfanilamide, sulfapyndme, and sulfathiazole may produce mild, 
moderate, or profound intoxication and iiijuiy to the red cells, the white cells, 
and the bone marrow They may produce skin rashes, fever, jaundice oi 
delirium and the acetylated forms of the latter two may block the kidney 
tubules and thus produce anuria In a few cases of idiosyncrasy, these effects 
may take place promptly after the drug’s admmistiation, but usually they do 
not occui until the second w'eek of administration 

(21) The toxic effects of the drugs generall)’’ stop piomptly after wuth- 
diaw'al of the drugs 

(22) These drugs niaj'^ be applied in ciystallme or powder foim to fiesh 
wound surfaces Aiithout serious damage to those tissues They go into solu- 
tion in the tissue fluids in concentrations ranging from 200 to 1,000 mg 
per cent 

(23) Sulfanilamide is absorbed quickly from such w'ound surfaces, reaches 
a peak level m the blood stream in 8 to 12 hours and is eliminated completely 
in four-five days 

(24) Sulfapyndme and sulfathiazole, absorbed much more slowly, reach 
a low^er and variable level 111 the blood stream but they both persist longer 
than sulfanilamide m the blood stream 

(25) A creamy suspension of medicinal grade zinc peroxide powder in 
distilled w'ater wdien instilled into a debrided wound, if kept w^et, wull not 
injure tissue or have any untoward systemic effect or damage blood cells or 
any other organs or tissues To be effective it must come in contact wuth 
ever)' part of the w'ound surface 

( 26 ) Zinc peroxide aviII kill many of the contaminating organisms and 
prevent the grow'th and actnuty of others It is particularly effective against 
all of the anaerobic organisms, the hemolytic streptococcus, and the pneumo- 
coccus 


FURTHER IMPORTANT DATA 

(1) Evidence has been presented tending to the belief that mild roent- 
genotherapy will readily penetrate injured tissue and may produce conditions 
unfavorable to the development and grow'th of bacteria 

(2) Theie are numerous leports of clinical experiences wuth the sulfon- 
amide drugs, w'lth zinc peroxide and wuth roentgenotherapy w'hich claim 
but do not clearly prove the value of these agents m the prevention and treat- 
ment of infection in contaminated w'ounds 

(3) There are other substances such as gramicidin, penicillin, and chlor- 
ophyl w'hich may have little or no damaging effect on local tissues and may 
inhibit the growth of certain of the contaminating organisms These may 
merit a clinical trial 
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(4) Incontrovertible evidence is not yet available to indicate which agent 
IS best or how it may best be employed 

On the basis of this knowledge and these beliefs, we can set up a rational 
plan for the study of badly contaminated civilian accidental wounds of soft 
parts and compound fractures and burns or war wounds in the following 
manner 


THE PLAN 

(1) A unit of ten hospital beds should be set up m each of ten of the 
largei cities of the country in an hospital equipped with every facility for the 
proper care of seriously injured patients Arrangements should be made with 
the city Department of Health or hospitals to piomptly transfer such patients 
by ambulance directly from the scene of the accident to the hospital 

(2) There should be a director to oversee the work of the unit who shall 
be responsible for the proper care of the patients, see that the proper labora- 
tory tests are carried out, observe and record the clinical progress of the 
cases from day to day, and collect and summarize all of the data when the 
case IS closed 

(3) There must be a group of surgeons available who are competent to 
perform all of the surgical procedures necessary in the care of such cases and 
willing to conform to certain standard procedures agreed upon at the outset 
of the study 

(4) There must be a bacteriology laboratory fully equipped with per- 
sonnel and apparatus to make complete bacteriologic analyses and classifica- 
tion of the bacterial flora of all of the contaminated wounds by certain speci- 
fied aerobic and anaerobic procedures 

(5) There must be a chemical laboratory fully equipped to make chemi- 
cal studies of blood levels of drug concentration, red and white blood cell 
counts, and urinalyses An expert radiologist must help 

(6) When the case is closed, all of the data connected with each case 
must be recoided on a summary sheet which lists everything that will indi- 
cate the effect of the treatment administered and the results obtained The 
summary sheet will be so designed that the data may be promptly trans- 
ferable to punch cards for statistical purposes One such sheet shall be kept 
with the hospital chart and a duplicate sent to a central office for carding and 
filing 

(7) Upon the admission of the patient to the hospital, the director shall 
coordinate the care and the study of the case In conference with the operat- 
ing surgeon, he shall decide whether to have the patient operated upon at once 
or given certain ante-operative preparations, for example shock treatment 
The wound shall be covered with a sterile dressing until the time of operation 

(8) As soon as the patient is 111 proper condition for operation, he shall 
be taken to the operating room and anesthetized The area of the wound or 
burn shall be cleansed m a specified manner The wound shall be thoroughly 
debnded in a standard way 
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(9) All of the debnded tissue shall be placed m a sterile container and 
taken to the bacteriolog}'^ laboratory within half an hour to be cultured in a 
specified manner 

(10) The debnded wound shall be washed thoroughly and a culture made 
from the last w^ash w^ater, presumably revealing wdiat organisms were still in 
the w ound at the end of the procedure 

(11) If the operation occurs within six hours of the time of the accident, 
the operator may decide whether or not to close it by suture wnth or wnth- 
out draining If it occurs more than six hours after the accident, it must 
be left open 

(12) Thus there shall be a series of cases of closed w'ounds and a com- 
parable senes of open w'ounds In each series, by means of a card system or 
its equivalent, the cases m each group shall alternate receiving or not receiv- 
ing some sulfonamide compound by mouth and each of these subgroups shall 
rotate on local treatment as follows 

Closed w'ound Avithout sulfonamide compound by mouth 

(a) Nothing locally 

(b) Sulfonamide compound locally 

(c) Roentgenotherapy 

Closed w'ound w ith sulfonamide compound by mouth 

(a) Nothing locally 

(b) Sulfonamide compound locally 

Open w'ound without sulfonamide compound by mouth 

(a) Nothing locally 

(b) Sulfonamide compound locally 

(c) Roentgenotherapy 

(d) Zinc peroxide locally 

Open w^ound wath sulfonamide compound by mouth 

(a) Nothing locally 

(b) Sulfonamide compound locally 

(c) Zinc peroxide locally 

(13) Burned patients will be anesthetized and the burned area -will be 
thoroughl} cleansed All of the skin blisters wall be taken to the laboratory 
for culture The cases will then be divided into two mam categories, one 
wuth and one without some sulfonamide compound systemically In each of 
these groups, there will be two methods of local treatment The first wall 
be the application of 5 per cent tannic acid and silver nitrate solutions to all 
burned surfaces The other group will have the same treatment for body 
burns but frequent changes of wet dressings of i per cent sodium chloride 
and 025 per cent sodium citrate over gauze impregnated wuth tulle gras for 
face and hand burns 
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This study, therefore, calls for 12 treatment categories for wounds and 
four for burns These categories shall be currently compared with one an- 
other by means of the punch cards and shall be correlated with the bacterial 
analyses so that the best form of treatment for any given type of wound and 
any given type of bacterial contamination will gradually evolve If any form 
of treatment is obviously giving unsatisfactory results, after the study has 
been going on for a number of months, that category may be dropped and 
if indicated another added in its place 

The study of the prevention of infection m any given case need not be 
carried over a period of ten days By that time, we will know whether or not 
the treatment has been effective in preventing infection The case may then 
be turned over to the general surgical service for further care or convalescence 

It is estimated that data may thus be obtained on 2,000 cases with sufficient 
numbers m each category to permit an evaluation of these various methods 
of treatment and this method may then be applied to real war wounds 

It IS obvious that such a comprehensive study will cost a considerable 
amount of money — the largest item of Expense will be the hospitalization costs 
for the patients The whole study calls for a budget of about a third of a 
million dollars But when one considers that this represents the amount of 
Army life insurance on only 35 soldiers, there can be no question of the 
appropriateness and value of the investment The right answer to this ques- 
tion of the best treatment for the prevention of infection in war wounds will 
save the lives of thousands, lessen the complete or partial, temporary, or 
permanent disability of many more thousands, shorten the hospital stay, and 
lessen the hospital costs of all wounded soldiers and civilians, and prove of 
benefit to mankind for all time 

Such a study cannot be carried out properly under the stress of war It 
can only be undertaken in a nonbelligerent country I believe that it can best be 
done here in the United States The time is fast approaching when we may 
be actively engaged in the war It may be impossible for us to carry out this 
essential study if ive delay any longer in initiating the project Further delay 
or curtailment of appropriations for this study might make it necessary to 
compromise on this plan by cutting out certain categories, but this would 
materially lessen its value and it is hoped that this can be avoided 
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PROCAINE INJECTION AND EARLY MOBILIZATION IN THE 
TREATMENT OF NON-WEIGHT-BEARING FRACTURES^ 

L Kraeer Ferguson, M D , 

AND 

William H Erb, M D 

Philadelphia, Pa 

In the modern treatment of fractures, it is now fairly well recognized 
that the maintenance of active function during the period of fracture healing 
reduces the period of disability and, by thus maintaining a normal blood 
supply, hastens union 

A favorable experience m the application of this principle has led us to 
examine the possibilities of the method of Leriche He suggested that non- 
weight-bearing fiactures could be treated by the injection of procaine solution 
and by early mobilization His first article^ appeared in 1928 and, since 
then, some 30 or more articles, mostly by Leriche and his students, have 
appeared m the French liteiatuie, with scattered articles in the Argentine, 
Brazilian and English, and one m the American literature More than 200 
fractures have been reported as successfully treated by this method We 
wish to discuss, briefly, the theoiy underlying this method of fracture therapy 
and to cite the results we have obtained in 84 cases thus tieated 

It goes without saying that this foim of tieatment is contiaiy to the long- 
established principles of rest and immobilization as the best method of 
promoting healing in injured parts In fact, the accepted medical thought 
on this subject is probably exemplified by the following question and answer, 
which appeared m the Journal of the American Medical Association for 
August 13, 1938= 

Question “Is it considered good practice to inject procaine hydrochloride 
into a sprained knee as routine treatment^ An osteopath nearby is doing 
this in order that children may continue to play basketball I advised taping 
the sprained knee, with rest ” M D , Colorado 

Answer “A sprain of any kind indicates injury to suppoiting tissues 
A sprained knee should be protected against reinjury and supported either 
by a splint or by adhesive strapping and an elastic bandage until the injured 
tissues have had time to repair Injection of procaine hydrochloride into a 
sprained joint, to relieve the pain so that activity may be made possible, is 
a dangerous procedure The pain which is present, after such an injury, is 
nature s way of warning the individual that damage has been done and that 
further activity producing the pain is increasing the injury The local anes- 
thetic simply paralyzes the warning signal and is as much a mistake as it 
would be to disconnect the buiglar or fire alarm simply because the sound of 
It annoyed the owner of the establishment in which it had been installed ” 

* Read before the American Surgical Association, White Sulphur Springs, W Va , 
April 28, 29, 30, 1941 
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The theory underlying the beneficial effects obtained by procaine injection 
IS extremely interesting The value of the procaine m the treatment of 
fractures lies not in the abolition of pain, but m eliminating the vasomotor 
impulses due to trauma Albert^ showed the presence of these reflexes in 
experimental work, in 1924 He found them most pronounced following 
articular and para-articular trauma, and noted that the amount of vasospasm 
seems to bear no definite relation to the anatomic extent of the lesion He 
believes his to be an axon reflex, as section of all the anterior and posterior 
spinal roots does not abolish this vasomotor reaction to trauma Ochsner 
and DeBakey^ have added further to our knowledge of this mechanism in 
their work on thrombophlebitis Experimentally, they showed that localized 
chemical endophlebitis results in marked arteiiolar vasospasm of such severe 
degree that practically all pulsations are lost They believe that this mecha- 
nism IS the result of vasoconstrictor impulses originating m the involved 
segment and transmitted over the sympathetic nervous system, because it 
can be prevented by performing a sympathectomy or by blocking the sympa- 
thetic ganglia with procaine hydrochloride They have explained the physio- 
logic basis for the edema associated with vasospasm 

Leriche believed that the pain and disability produced by fractures near 
joints was the result of the same type of reflex He obtained relief of pain 
and a resumption of almost noimal function by interrupting the reflex arc 
by the injection of the sympathetic ganglia supplying the part or by local 
infiltration of the fracture site We have noted also a reduction of edema 
following the injection of procaine solution at the injured area That the 
abolition of pain pci se is not the value of this form of therapy is further 
borne out by Lenche’s® observation that, when adrenalin is added to the 
procaine solution (vasoconstriction), the desired effect is not obtained, though 
the anesthetic effect of the procaine is prolonged Furthermore, the pain 
relief persists for eight to ten hours after the anesthetic effect of procaine 
should have disappeared 

Leriche is so enthusiastic about the value of procaine that he recommends 
it to be used whether the fracture is mobilized or not Outland and Hanlon® 
have observed that fractures reduced under local anesthesia and then im- 
mobilized in plaster are more pain-free and are accompanied by an earlier 
lesumption of function than when general anesthesia is used In this con- 
nection, it IS interesting to cite our experience with a Colles’ fracture reduced 
under local anesthesia and placed in a plaster encasement The following 
day the patient was quite comfortable except for pain over the ulnar styloid, 
which had not been infiltrated the previous day This pain was relieved by 
an injection of the cervical sympathetic, and did not recur 

The question naturally arises as to whether or not active function by 
early mobilization is of more beneficial effect than the procaine injection In 
five fractures, excellent results were obtained by early mobilization without 
procaine infiltration Three of these were in infants, and in all cases there 
was no edema or marked pain 
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We believe the piocaine injection lelieves the discomfoit and edema, 
thus permitting early resumption of active function These two measmes 
allow a moie adequate blood supply to be maintained, which pioduces an 
eaily and excellent fiactuie healing 

Early mobilization is of special value in minor fractures in the region 
of joints With maintenance of active function during the peiiod of fracture 
healing, nature is able to accommodate foi the deformities in the articulating 
surfaces as they occur m the actual use of the joint When these fiactures 
aie treated by immobilization during the peiiod of fiactuie healing, the 
accommodation is only for the position in which the fracture is immobilized 
This IS best exemplified in fiactures of the head or neck of the radius The 
limitation of motion resulting in these fiactures tieated by immobilization 
IS well known, whereas treatment by mobilization preserves almost noimal 
function, even with some displacements of the fiagments Fontaine^ was 
the fiist to point out this fact, and oui experience has borne out his contention 
Summarizing the theoretic background, a fairly logical sequence of events 
is that the oiiginal trauma produces a reflex vasospasm which causes local 
anoxia This increases the permeability of the capillary walls and lesults in 
edema, which causes further pain and so ad mfimtum Local injection of 
procaine inteirupts the reflex arc, m this way relieving reflex vasospasm, 
thus reversing the cycle Thorndike’s® good results in the use of pressure 
dressings may well be due to an attack on this cycle at another point, that 
IS, the edema Improvement in the blood supply and prevention of edema 
are the desired effects, whether they are obtained by active motion, by block- 
ing the vasoconsti ictor impulses with local injections or ganglion infiltration 
with procaine or by preventing edema by applying a pressure dressing 
Active function permits rapid fiacture healing and an accommodation for 
minor articular deformities so that almost normal joint function can be 
preserved 

Method — With aseptic precautions, after thorough steiihzation of the 
skin, I or 2 per cent procaine hydi ochloride solution, without adrenalin, is 
injected at the point of maximum tenderness The amount vanes, the injec- 
tion being continued until complete relief of pain is obtained The involved 
member is massaged to insuie thorough dissemination of the solution and, 
at the same time, probably aiding the absorption of the local edema We 
have used elastic or elastic-adhesive bandages, especially in fiactures around 
the ankle joint, though Leriche apparently uses no suppoitive dressing The 
patient is then instructed to use the part normally but not to put it to a test 
These patients occasionally have systemic effects as manifested by a 
feeling of faintness and marked perspiration Many have an increase in 
pain eight to 12 hours after injection but this giadually subsides It is well 
to warn the patient about this The injections aie repeated as deemed neces- 
sary, though we have not given them as frequently as Leriche 

Injection and immediate mobilization is not always used as a primary 
treatment In fractuies with marked swelling due to hemoirhage, we have 
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applied compression bandages or splints with elevation of the part until the 
swelling begins to recede This means three to five days, after which we 
inject and begin mobilization 

Indications and Conti aindications — Not every fracture lends itself to 
injection and mobilization It cannot be used in fractures of weight-bearing 
bones nor in those which require immobilization dressings for maintaining 
reduction It may be used, however, in fractures of non-weight-beanng 
bones which do not require reduction and is especially indicated in fractures 
about joints 

Advantages — The advantages of this method of therapy he not alone in 
its relief of pain One of its chief virtues consists in the ability to permit 
the patient to resume normal or slightly restricted function at an early date, 
without the disability of cumbersome splints or plaster encasements and 
crutches or canes The final and important advantage is the excellent func- 
tional results which can be obtained, avoiding in some instances prolonged 
and even permanent disability that is often encountered in articular fractures 
treated by immobilization 

Results — We have treated 84 fractures by early mobilization, with pro- 
caine injections in all but four cases (Table I) All but four cases had 
satisfactory results The various types of fractures and the results obtained 
are discussed m their anatomic groups 

Table I 


SUJIMARY or FRACTURES TREATED BY PROCAINE INJECTION AND MOBILIZATION 


Clavicle 

4 

Shaft of fibula 

I 

Upper end of humerus 

6* 

Around the ankle 

22 * 

Around the elbow 

9 

Tarsometatarsals 

13 

Both bones of forearm 

I 

Phalanges of toes 

6* 

Radial styloid 

S 

Ribs 

S 

Metacarpals 

7 

Transverse processes of lumbar vertebrae 

2 

Phalanges of fingers 

3* 




Total 84 

* One of these fractures not injected 

Fiactuies about the Ankle — The greater number of reported fractures 
treated by this method have been around the ankle joint These vary in 
degree from sprain fractures of one malleolus to trimalleolar fractures with- 
out displacement Campbell® believes only minor fractures around the ankle 
joint should be treated in this manner He defines a minor fracture as one 
m which only one malleolus is broken with an intact ligament on the opposite 
side, as evidenced by the absence of pain on pushing the foot toward the 
fractured side Cullumbme^® increases the indication to those in which 
there is no displacement We treated 22 fractures around the ankle joint, 
of these, there were six spram-fractuies, one internal malleolus, ii external 
malleoli, two bimalleolar and two bimalleolar with posterior lipping fractures 
(Table II) 

These cases were all allowed to bear weight on an average of four days 
after fracture, the quickest weight-bearing being immediate, and the longest 
14 days after injury The average period of disability was 15 days, the 
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exti ernes being thiee and 30 daj's This does not mean these patients’ ankles 
wei e pei fectly noi mal, hut they were able to go about their usual occupation 
without much discomfort In addition to an aveiage of two injections, 

Table II 


rR\CTURrS AROUND THE ANKLE 


Case 

Age 

Fneture 

Other Treatment 

Injec- 

tions 

Weight- 

Bearing 

Day 

Days 

Dis- 

ability 

Result 

E S 

35 

Sprain ext mal 

Elastic adhesive bandage 

2 

I 

5 

Good 

R M 

12 

Spmn ext mil 

Splint 6 da>s 

I 

7 

14 

Good 

C P 

29 

Sprain ext mal 

Strapping 

1 

I 

8 

Good 

B 0 


Sprain ext mal 

Strapping 

I 

I 

3 

Excellent 

W C 

IS 

Sprain ext mal 

Gelatin boot 

I 

I 

13 

Excellent 

W F 

22 

Sprain tibia 

Elastic adhesive bandage 

2 

I 


Good 

E D 

21 

Ext mal 

Elastic adhesiv e bandage 

I 

I 

7 

Excellent 

E r 

IS 

Ext mal 

Elastic adhesive bandage 

2 

7 

14 

Good 

J M 

26 

Ext mal 

Plaster splint, 2 da>s 

0 

3 

3 

Excellent 

S R 

41 

Ext mal 

Strapping 

I 

I 

10 

Excellent 

C W 

32 

Ext mal 

Gelatin boot 

2 

2 

6 

Excellent 

■ft B 

47 

Ext mal 

Strapping 

2 

12 

30 

Fair 

W M 

20 

Ext mal 

Splint 5 dajs, strapping 

2 

S 

19 

Excellent 

L L 

41 

Ext mal 

Gelatin boot 

I 

I 

13 

Excellent 

M B 

71 

Ext mal 

Gelatin boot 

2 

I 

22 

Good 

G B 

52 

Ext mal 

Gibney boot 

2 

I 

20 

Good 

C W 

20 

Ext mal 

Ace bandage 

2 

14 

30 

Excellent 

F S 

s6 

Int mal 

Strapping 

I 

2 

14 

Excellent 

P H 

42 

Ext mal and postenor lip 

None 

3 

3 

12 

Good 

A P 

44 

Ext mal and int mal 

Strapping 

I 

I 

30 

Fair 

E B 

18 

Tnmal 

Splint 6 days 

I 

6 

13 

Excellent 

L W 

22 

Tnmal 

Splint 6 days, Ace bandage 

3 

6 

13 

Excellent 

practically all these patients 

had some form of 

pressure dressing, 

either 


elastic adhesive, Gibney boot or gelatin hoot Results were evaluated as 
follows 12 excellent, eight good, two fair, none was unsatisfactory These 
results were based on the amount of pain the patient experienced, the period 
of disabilit)'-, the eventual end-result, and the patient's satisfaction with the 
treatment 

In these fractures about the ankle, sprain-fractures, fissure-fractures 
(Fig i) and fractures of the fibula above the malleolus (Fig 2), respond 
very well to this form of therapy Greater care, perhaps with temporary 
(five or SIX days) splinting, must be exercised in bimalleolar and trimalleolar 
fractures, m order to insure preservation of the mortise (Fig 3) 

Ta)sal and Metataisal Fiachaes — There i\ere 13 patients in this group 
(Table III) The average period of disability was about ten days, the shortest 
one being one day and the longest 30 days Six patients were able to resume 
normal function m five days or less Four others were not seen for treatment 
until six to ten days after the fracture 

The commonest site of injury was the base of the fifth metatarsal In 
addition to the procaine injections, adhesive strapping or other support was 
usually employed and the patient was asked to walk immediately Prac- 
tically all patients walked without the aid of crutches following the first 
injection An excellent result showing the saving in time and compensation 
A\as obtained in one patient (Fig 4) 

Fiachaes of Phalanges — In this group are nine cases — six of the toes 
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and three of the fingers (Table IV) The fractures of the toes were mostly 
complete fractures of the proximal phalanges 

Fractures of the toes are very difficult to immobilize properly The 
average tongue-depressor splint places an additional strain on the fracture 
site and frequently increases the discomfort We have found that mjectmn 


Fig iA Fig iB 



Fig 2A Fig 2B 


Fig I — (A) Fracture of lower fibula January 19 1940 One injection of procaine, elastic 
adhesive bandage crutches for one week, seventeenth day no pain or disability Lost three days 
work (B) Follow up roentgenograms, Jtarch 13 1941 

Fig 2 — (A) Fracture of lower fibula Alarcli 13 1940 Plaster splint, six days, one procaine 
injection elastic adhesive bandage Walked with no disability m 14 days (B) Followup roentgeno 
grams, April 19, 1941 

and support with snug adhesive strapping lesults m rapid union in these 
fractures, with a minimum of disability and inconvenience (Fig 5) 

Small chip-fractures of the phalanges of fingers are best treated by 
mobilization Probably, everyone has seen stiff fingers resulting from im- 
mobilization due to adhesions of the extensor tendon These are extremely 
difficult cases to treat and we believe they can be prevented by procaine injec- 
tion and early mobilization 

Fiactwes of the Upper End of the Humerus — Six fiactures of the 
upper humerus were treated by injection and earlj'^ mobilization (Table V) 
All had impaction with displacement of minor degree The greater tuberosity 
was fractured in three cases In all but one case, some form of fracture 
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Table III 


FRACTURES or TARSOMETATARSALS 


Case 

Age 

Fracture 

Other Treatment 

Injections 

Days Dis- 
ability * 

Result 

R 

0 

33 

Prox end Sth metatarsal 

Adhesive strapping 

2 

30t 

Fair 

R 

G 

17 

Prox end sth metatarsal 

Adhesive strapping 

2 

S 

Good 

A 

Z 

t6 

Prox end sth metatarsal 

Adhesive strapping 

3 

II 

Good 

F 

F 

13 

Prox end Sth metatarsal 

Adhesive strapping 

I 

4 

Excellent 

L 

C 

21 

Prox end sth metatarsal 

None 

I 

5 

Excellent 

M 

F 

17 

Prox end sth metatarsal 

Strapped 6 days 

2 

12 

Excellent 

J F 

60 

4th sth metatarsals 

Strapped and rest 7 days 

I 

16 

Excellent 

M 

M 

31 

3rd metatarsal 

Strapping 

I 

10 

Good 

C 

L 

47 

2nd metatarsal 

Strapping 

2 

1 

Excellent 

P 

D 

4S 

1st metatarsal 

Gelatin boot 

I 

S 

Good 

J 

D 

20 

1st cuneiform 

Encasement 7 days 

I 

10 

Excellent 

N 

H 

20 

Sprain tarsometatarsal joint 

None 

2 

9 

Excellent 

F 

F 

13 

Os vesalianum 

None 

2 

S 

Excellent 


* Average penod of disability lo days 
t Patient did not cooperate, would not try to use foot 


Table IV 

TRACTURES OF THE PHALANGES 


TOES 


Case 

Age 

Fracture 

Other Treatment 

Injections 

Days Disability* Result 

D S 

28 

Proximal phalanx 1st toe 

None 

0 

2 

Excellent 

R L 

22 

Distal phalanx ist toe 

Strapping 

I 

14 

Excellent 

E C 

3S 

Proximal phalanx sth toe 

Splinted 8 days before 
elsewhere 

I 

31 

Excellent 

M L 

24 

Proximal phalanx ist toe 

Strapped 

2 

1 

Excellent 

W J 

18 

Proximal phalanx 2nd toe 

Strapping 

r 

3 

Good 

J B 

40 

Proximal phalanx sth toe 

Splint s days 

2 

6 

Excellent 


* Average penod of disability 9 days 


FINGERS 


Case 

Age 

Fracture Other Treatment Injections Days Disability* Result 

M L 

37 

Middle phalanx 4th fing Hairpin splint i 


16 

Good 

M P 

37 

Distal phalanx 4th fing Splint 

13 days I 


14 

Good 

J M 

25 

Chip fracture middle pha- Splint 

2 days 3 


7 

Excellent 



lanx 2nd finger 





A 

Average period of disability 12 days 








Table V 






FRACTURES OF THE 

UPPER END OF THE HUMERUS 


Days, 






Injec- 

Dis- 


Case 

Age 

Fracture 

Other Treatment 

tions 

ability* 

Result 

J B 

55 

Surg neck and greater tuberosity 

Axillary pad 3 days, shng 

3 

21 

Excellent 

L G 

59 

Surg neck and greater tuberosity 

Hanging case 4 weeks 

3 

35 

Excellent 

E H 

60 

Greater tuberosity 

None 

2 

21 

Excellent 

M F 

48 

Surgical neck 

Hanging case 4 weeks 

I 

42 

Fair 

F M 

71 

Surgical neck 

Body swathe 

I 


Unsatis- 







factoryt 

E W 

65 

Surgical neck 

Body swathe 

I 

42 

Fair 

* 

Average period of disability 32 days 






t Follow-up 5 months later Patient able to put hand on the top of head 

dressing was used for a time, but was discarded as soon as the patient would 
use the arm The best results were obtained in private patients, who w^ould 
cooperate by making an effort to resume active function All cases had good 
end-results Three, with fractures of the greater tuberosity, had almost lOO 
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per cent shoulder function within two and one-half months after injury 
In our expeiience, this is quite unusual for this type of fracture in the oldei 
age-group (Fig 6) 

Fiactiacs aionnd the Elbozv — There were nine patients with fractuies 
in the region of the elbow, two of these weie bilateral, making ii fractures 
(Table VI) The limitation of motion which follows the immobilization of 
these fractuies does not appeal when active function is permitted during 
the eaily stages of fractuie healing The average period of disability of 
the elbou was ten days in these ii fractures Exceptional results were noted 
m foil! fractuies of the head and neck of the radius All cases obtained 
almost normal functional results m eight to 12 days 

We have had no instance of an ossifying hematoma appearing in the small 
senes tieated by this method (Fig 7) 



-V 


Tic 5 a and B 

Tig s — Treated b> splint elsewhere, had continued pain (A) Roentgenogram, September 4, 1940, 
one month after fracture shows no union Splint removed, injected with procaine, toe strapped 
Played m tennis tournament three days later (B) Follow up roentgenogram, April 8, 1941 



Fig 6 — (A) Fracture of greater tuberositj, January 31 1941 Three procaine injections and active 
mobilization of arm and shoulder (B) Full normal function, April 12, 1941 
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Table VI 


Case 
H y 
H M 
P A 
D C 
R E 

A B 
J K 
J R 
D F 


FRACTURES ABOUT THE ELBOW 


Age Fracture Other Treatment 

41 Int epicondyle humerus None 
21 Ext epicondyle humerus Sling 
20 Int epicondyle humerus Sling 
3 Condyles both humeri None 
48 Malunion — old callus Splint 2 days 

Sling 2 weeks 

40 Neck of radius Splint 10 days 

p Neck of both radii None 

28 Head of radius None 

23 Olecranon Splint 2 days 


Injections 

Days Disability* 

Result 

2 

II 

Good 

4 

9 

Excellent 

I 

16 

Good 

0 

10 

Excellent 

2 

14 

Excellent 

2 

12 

Excellent 

I 

9 

Excellent 

I 

8 

Excellent 

I 

2 

Good, incom- 


* Average period of disability 10 days 


plete follow up 



Fig 7 — Pain and slight swelling over head of radius, in 
ability to flex or extend elbow or rotate forearm Procaine injec 
tion, 20 cc of I per cent solution, no immobilization No spoil 
taneous pain the following day, ten days later, almost complete 
function of elbow, driving his car 

Piachties of the Lowei End of the Radius — The five fractures of the 
lower end of the radius were all so-called check- or crumble-fractures, Avith 
fracture of the styloid process (Table VII) However, there was consider- 

Table vii 

FRACTURES OF THE LOWER END OF THE RADIUS 

Case Age Fracture Other Treatment Injections Days Disability* Result 

S 40 Styloid of left radius Splint 6 days I n Good 

C 4S Radial styloid Splint 2 days i 7 Excellent 

W 6 p Radial styloid Splint I day i 1 ° Excellent 

H 58 Radial styloid Splint 9 days z 14 Excellent 

F — Radial styloid Splint 6 days i 8 Excellent 

* Average period of disability 10 days 
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able edema, pam, and disability piesent, although there was no displacement 
In other words, these weie cases which would probably have been diagnosed 
a bad sprain befoie the days of roentgenography 

One patient, age 45, with a check-fracture of the ladius and a chip- 
fracture of the cuneiform, was injected with procaine after four days’ 
immobilization on a hand-splint On lemoval of the splint, any voluntary 
motion of the fingeis was painful She was unable to pick up her pocket- 
book Immediately after injection, she was able to pick up objects Three 
days later she was able to use her hand She had not experienced the usual 
after-pain Six days after injection, all swelling had disappeared, the 
patient had no pam, but there was still slight tenderness over the radial 
styloid One month later, function was excellent, and there was no pam 
present 

TABLr VIII 


FRACTURES OF THE META CARP \LS 


Case 

Age 

Fracture 

Other Treatment 

Injections 

Days Disability* 

Result 

F D 

18 

1st metacarpal 

Encasement 

1 

21 

Unsatisfactory 

T D 

39 

2nd metacarpal 

None 

2 

4 

Excellent 

P T 

48 

5 th metacarpal 

Encasement 

I 

28 

Unsatisfactory 

E H 

33 

Sth metacarpal 

Splmt 8 days 

I 

10 

Excellent 

G S 

19 

Sth metacarpal 

Splint 4 days 

1 

14 

Good 

J P 

21 

sth metacarpal 

Splint 3 days 

I 


Incomplete 
follow up 

A F 

23 

Sth metacarpal 

None 

I 

2 S 

Excellent 


* Average penod of disability 17 days 


Metacmpal Fiactwes — Metacarpal fractuies vied with those of the nbs 
in giving the least satisfactory results (Table VIII) This was probably due 
to improper selection of cases, as both cases we listed as unsatisfactory had 
some displacement of the fragments and reduction should have been attempted 
immediately After failuie, these weie treated in a plaster encasement, 
following an attempt to improve the position of the fragments Both of 
these easels eventually obtained a quite satisfactoiy end-iesult Excellent 
results were obtained in fractures without displacement by injection and early 
mobilization 


Table IX 





FRACTURES OF THE 

CLAVICLE 




Case 

Age 

Fracture 

Other Treatment 

Injections 

Days 

Disability* 

Result 

0 D 

2S 

Tip of clavicle 

None 

I 


3 

Excellent 

M F 

23 

Tip of clavicle 

None 

I 


2 

Excellent 

J L 

69 

Shaft 

Plaster Fig of-8 

I 


S 

Good 

B S 

S6 

Shaft 

Plaster Fig -of-8 

I 


6 

Good 

* 

Average period of disability 

4 days 








FRACTURES OF THE RIBS 




Case 

Age 

Fracture 

Other Treatment 

Injections 

Days 

Disability-^ 

Result 

W S 

60 

1 2 th nb 

Strapping 2 days 

I 


7 

Fair 

N K 

SI 

7th nb 

Strapping 2 days 

2 


2 

Fair 

M D 

53 

7th nb 

Strapping ii days 

2 


14 

Good 

L G 

30 

Sth rib 

Strapping 2 days 

I 


4 

Good 

D A 

47 

7th nb 

Strapping, 14 days 

2 


SS 

Unsatisfactory 

* 

Average penod of disability 

16 days 






Clavicle and Rtb Fiactwes — Except for two fractures of the tip of the 
claiicle, injection and mobilization seemed to have little more to offer than 
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other types of treatment which permit early function However, our expe- 
rience was rather limited Also, fractuied ribs did not give as good results 
as we had anticipated (Table IX) Certainly they are ideal, theoretically, 
for this form of therapj'^ Most of these patients were very heavy, and 
possibly our lack of success should be attributed to improper technic rather 
than method A patient who had disability for almost two months was 
promptly relieved by regional nerve block with procaine and alcohol, as 
recommended by Rovenstine and Byrd 

A 


■n 



B 

Fig 8 — Fracture of left traiis\erse process, fourth lumbar \ertebra 
Four procaine injections and adhesne strappings (A) Roentgenogram 
1 8 days after fracture, earlj callus Patient returned to ^^ork, as an inspec 
tor, on fourth daj after fracture (B) Follow up roentgenogram seven 
weeks after fracture, no disability 
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Table X 

MISCELLANEOUS FRACTURES 







Days 





Other 

Injec- 

Dis- 


Case 

Age 

Fracture 

Treatment 

tions 

ability 

Result 

R G 

36 

Left transverse process 4th lumbar vert 

Strapping 

s 

II 

Excellent 

F S 

40 

Transverse processes 2nd &. 3rd lumbar vert 

Strapping 

3 

13 

Good 

E B 

2 

Both bones forearm 

None 


17 

Excellent 

J M 

56 

Shaft of fibula 

Gelatin boot 

I 

IS 

Good 

M iscellaneous Fi acfio es — Two cases 

of fractuie of the transverse 

pi ocess 


of lumbar vertebrae gave excellent results (Table X) This is a fracture 



Fig 9 — Fracture of both bones of forearm First seen ii days after 
fracture Note earl> callus No immobilization, no injection because patient 
had no pain Excellent union ^\lth slight deformity, normal function 


that certainly has been overtieated It is hard to conceive how this fracture 
can be immobilized under any circumstance, either by bed rest oi the appli- 
cation of a plaster encasement The following case illustrates the therapy 
m these cases 

Case Report — On Januarj s, 1941, a male, age 36, fell, striking the lower back on 
a block There was tenderness over the third and fourth transverse processes and erector 
spinae muscles The patient was injected and strapped on Januarj'- 8, 1941 This was re- 
peated on four occasions, the last injection being given on January 29, 1941 He returned 
to work the day after the first injection Slight discomfort was present until February r8 
Follow-up examination, March 26, showed no symptoms and the patient could move his 
back in all directions without discomfort (Fig 8) 
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Comment — Callus formation does not appear to have been delayed in 
these cases As a matter of fact, one is impressed by the early formation 
of callus We wish to cite two cases who were treated only by mobilization 

Case I — A male, age two and one-Iialf, fell from a scooter on February 7, 1941, 
injuring both arms Roentgenograms, February 10, showed a fracture of the external 
condyle on the left, and of both condyles on the right side There was no displacement 
and, in view of the fact that the child was uncooperative and it would have been extremely 
difficult to adequately immobilize these fractures, the arms were simply mobilized One 
week later, the child used the arms without apparent pain Roentgenograms, February 24, 
only 17 days after injury, showed excellent callus formation Final examination, March 3, 
showed excellent function, although flexion was still slightly limited 

Case 2 — A child, age two, fell from a chair, January 12, 1941 The mother treated 
the arm with applications of Epsom salt Because of slight deformitj in the arm, the 
child was brought into the hospital Roentgenograms showed fracture of both bones of 
the forearm, with callus formation ii days after injury (Fig 9) The arm was splinted 
All splints were removed in five days Final examination, Februaiy 12, showed no pain, 
tenderness, or discoloration Slight angulation was present 

From these two cases, one might assume that the most important factor 
m this method of treatment is mobilization, and one might question whether 
the procaine has any benefit There were nine cases in this series which 
were seen late, an average of 19 days after injury, the shortest time elapsed 
was ten days and the longest, 50 days All these cases complained of pain 
and disability They were all relieved by procaine injection sufficient to 
permit resumption of active function This would tend to prove that mobili- 
zation IS not the only factor 

SUMMARY AND CONCLUSIONS 

The methods employed and the results obtained in 84 fractuies treated 
by this method are reported The results were unsatisfactory in only four 
cases, and in no case was the eventual end-result impaiied by an attempt at 
this method of therapy 

Many minor fractures are best treated by early mobilization and procaine 
injection The procaine injection at the site of fracture or into the sympa- 
thetic ganglia interrupts the reflex which produces vasomotor changes, 
edema, and pain at the injured site Early mobilization is thereby permitted, 
and rapid and excellent fracture healing results The period of disability 
is reduced and the eventual end-iesult is improved in many instances, 
especially in articular fractures 

Only fractures which do not require reduction in noii-weight-beanng 
bones can be treated by this method 

The author wishes to acknowledge the kindness of Dr Eugene P Pendergrass, 
Professor of Radiology at the University of Pennsylvania Hospital, for the roentgeno- 
grams used in this study 
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THREE YEARS’ EXPERIENCE WITH VITALLIUM 
IN BONE SURGERY* 

Charles S Venable, M D , 

AND 

Walter G Stuck, MD 

San Antonio, Tews 

In October, 1936, fiist desciibed the efiects of electiolysis on metals 
m bone and sho^^ed by our research that electrolysis was the principal cause 
of failure of metal appliances in bone While conducting these experiments, 
we found only one alloy among all those tested that was completely passive 
(electrically meit) in the piesence of body fluids, that caused no pathologic 
changes m bone, and that was not itself coiioded This alloy, Vitallium, 
composed of cobalt, chiomium, and molybdenum seemed so inert that we 
recommended its use in bone suigeiy Since then, Vitallium appliances have 
been widely used over a sufficient period of time to justify a statistical study 
of the value of this new alloy Sixt3'-one suigeons m various parts of the 
country who have used Vitallium appliances cooperated with us in the follow- 
ing analysis which is based on a total of 1,227 cases 

These 1,227 cases do not include mote than 200 patients m whom Vitallium 
hip cups have been used, 01 those instances wheie Vitallium orbital implants 
were utilized, but are those m which nails, screws, plates, etc , were placed 
in bone to treat vaiious fiactures For fractures of the neck of the femur, 
23 surgeons used Vitallium Smith-Petersen nails, two used hip screws, two 
used lag screws, and three used plain Vitallium nails, without a single case 
of extrusion of the nails The 1,227 fiactuies tieated with Vitallium appli- 
ances included fresh fractuies, old fiactures with delayed or nonunion, com- 
pound fractuies, and old cases wheie Vitallium screws were used to se- 
cure bone grafts In all these varying conditions, and in the hands of 
many surgeons, 1,136, or 92 6 pei cent of the cases, obtained solid bony union 
while 47, or 3 8 per cent, had delayed union, and only 44, or 3 6 per cent, 
developed nonunion Many of these cases were those wherein theie was 
much trauma or where the fractures were originally compounded 

A^itallium, of course, has no stimulative effect on the healing of bone but it 
IS distinctive among metals in that it has no retarding effect With such an 
absolutely nonelecti olytic alloy, it is possible to plate certain fractures or nail 
fragments securely without feai of erosion of bone about the metal appliances 
The permanent immobilization of fragments which can be gained with this 
inert material insures rapid and solid healing of fractures Metal nails in 
the hip have completely revolutionized the outlook foi patients with fractures 
of the neck of the femur and the possibility of union is much greater when 

* Presented before the Texas Surgical Society, Dallas, Texas, April i, 1940 
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there is no eiosion of bone about the metal (Fig i) Similarly, metal plates 
are invaluable in other troublesome fractures such as those in both bones of 
the foiearm, the shaft of the humerus, or the upper end of the shaft of 
the femur 

For years, there has been much apprehension about the use of metal 
appliances in fiactures because surgeons have observed many failures after 

they have placed highly electrolytic 
alloys in the bone The subsequent 
electrolytic destruction of metal and 
bone caused the opeiations to end un- 
successfully and convinced the sur- 
geons that metals cannot be used in 
the body with any degree of safety 
Loosening of appliances, discoloration 
of tissues, and accumulations of 
sterile fluid caused by “electrolytic 
osteitis” were attributed to infection, 
faulty technic, or some vague foreign 
body iriitation 

Failwes zvitli Vifallumi Appliances 
— The original dental Vitallium alloy, 
with which we first experimented, was 
found to be too brittle and weak for 
fracture work Shortly after we rec- 
ommended its use in surgery, other 
surgeons also complained of the same 
defects in the material Consequently, 
at our suggestion, the manufacturers of Vitallium modified the structure of 
the alloy to give it strength and toughness while retaining its remarkable 
passivity in body fluids 

Even so, for all the early cases with broken plates and screws, they 
constitute but a very small pei cent of the successes with Vitallium appliances 
Out of 1,227 cases, of all types, there were ii instances in which a plate 
broke, or o 089 per cent of the total Ten screws broke, or o 081 per cent 
of the total Four plates bent, or 0033 per cent of the total Two nails 
bent, or o 016 per cent of the total One hip screw bent, or o 008 per cent 
of the total In other words, 1,199 of the cases, or 97 7 per cent of the total, 
had no technical trouble from the application of the metal 

Bent Of Bfoken Plates — In 1937, the first year Vitallium was generally 
used, several surgeons found that plates bent or broke even though the 
extremity was well supported externally In these instances, the metal was 
at fault because it was too brittle at the outset Also, the early flat plates 
were made too light and the Lane-type plates were too narrow This has now 
been corrected by making heavier appliances of Vitallium moie malleable, 
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Tig I — Photognph of neck of the femur 
where a stainless steel nail has been in the bone 
about eight months Note deposits of metal in the 
head of the bone and absorption of cancellous bone 
along the path of the nail (Prom Felsenreich 
Arch f kiln Chir , 195, 30 I 939 ) 
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so that plates may be bent to fit an irregular surface without danger of break- 
ing and they will not bend oi break if an extremity is handled with reasonable 
caution 

Of course, no Vitalhum or any other metal plate is strong enough to 
immobilize a fiactured long bone without additional external support by 
plaster encasement oi splint Unless adjacent joints are immobilized by such 
splints, theie is always the possibility that the fragments may move or that 
some undue strain will detach the appliance from the bone The tensile 
strength of a nail, screw, or plate is not an important factor since it is only 
called upon to hold bone fragments togethei in normal alignment The 
support of the entire extremity and the protection against muscle pull must 
be provided by plaster encasements and splints in addition to the plates 
attached to the bone 


Screws which eiode bone by 
“electrolytic osteitis” are like 
sciews in decaying wood that 
lose their hold and thus fail in 
their purpose Just as it is im- 
portant to keep sciews and wood 
dry to prevent loosening, so is 
It necessary that screws in bone 
must be nonelectiolytic to pre- 
vent erosion of bone Conse- 
quently, no metal plates and 
screws are absolutely dependable 
for immobilizing fractures unless 



Fig 2 — Photograph of \anous tjpes of Vitalhum 
screws (Machine tape screw which cuts its own thread 
T wood type screw with too small a 

shank hi ewer wood t>pe screw with threads to the head 
for use with plate Wood tjpe screw with smooth shank 
for tightening fragments ) 


they are totally passive (non- 
electiolytic) m the body 

Vitalhum is so hard that 
plates, nails, and screws must 
be cast and this process is costly 
Its strength is not as great as 
some of the stainless steels but it 
possesses, in its present compo- 
sition, all the strength needed to 
immobilize bone fragments which 
are properly supported externally 
Certainly, an alloy which is ab- 



Fig 3 — Diagram of bone with plate and screws m 
serted (A) long screws engaging both cortices giving 
best support (B) Screws with unthreaded shank used 
to pull oblique fr icture together (C) Short screws 
engaging onlj one corte\ 


solutely passive, and hence nonirntative, and which can be used by many 
surgeons with 97 7 per cent success, fulfills the requirements of an almost 
perfect material for the internal fixation of fractures 


Bent 0} Bioken So etus - — The first Vitalhum wood-type screws were made 
uith a thin shank wdnch w^as too fragile and which broke quite easily (Fig 2) 
This has been corrected by making a heavier screw of tougher metal and with 
a stronger shank The screws with threads wdnch extended to the head w^ere 
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designed for use with a plate, while those in which part of the shank was 
unthreaded were made for pulling fragments together Naturally, if the 
former type of screw is used for this purpose the drill-hole m the proximal 
fragment must be larger than the diameter of the thread Improper screws 

or those used incorrectly would na- 


Correct 

size 


Shank o£ 
screw 


Too 

small 


Too 

large 




y 


Ex.<SMl«'<o 

Fig 4 — Diagram demonstrating correct size 
of drill to use in making screw hole Drill must 
he exact diameter of the shank of the screw 


turally tend to bieak (Fig 3) 

Many surgeons complained of dif- 
ficulty in using the machine-type 
sciews with the cutting edge which 
is supposed to make a path for the 
thread in the bone When such a 
screw IS cast of Vitallium, the thread 
is not sufficiently sharp to cut the 
bone easily Also, such screws, with- 
out a taper point, are difficult to in- 
sert Therefore, we feel that the 
machine-type screw of Vitalhum is 
not nearly so successful as the plain 
wood-type or coach-type screw 
A rather obvious cause of failure 
in placing screws m the bone is dis- 
proportion between the size of the 
sciews and the caliber of tbe hole 
111 the bone (Fig 4) The drill-hole 
should have exactly the same diam- 
eter as the shank of the screw If the hole is larger than the shank, the 
threads do not engage deeply enough in the bone to secure a good purchase 
and the threads are easily stripped when the screw is finally tightened If the 
hole IS smaller than the shank, great force is required to drive the screw 
home and this causes slipping of the screw driver, breaking of the head of 
the screw, or inability to tighten the screw against the plate 

Another common cause of failure in inserting sciews m bone is careless- 
ness m the depth of the holes drilled Even if a screw is not long enough 
to pass through both coitices of the bone, the hole should be drilled deep 
enough so that the tip of the screw does not strike bone It is a safe rule 
to drill holes through the entire bone so that the screws have ample clearance 
Longer screws provide stronger suppoit than shorter screws and screws 
which engage both corticles of a long bone provide bettei anchorage than 
screws in one cortex alone If long screws are used, holes should pass entirely 
through the bone to permit the ends of the screws to project on the opposite 
side 

Should Vttalliiim Appliances Be Removed ^ — ^While we ordinarily do not 
remove Vitalhum appliances aftei fractures have healed, some surgeons prefer 
to because they hesitate to leave “foreign material” in a bone This atavistic 
idea originates from the old fear of irritative reactions about metals in the 
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body Pieviously, metals were used which caused “electiolytic osteitis” of 
bone with occasional breaking open of wounds, diaming sinuses, and in 
some cases, late fiactuie Vitalhum, which causes no reaction at any time, 
can be left indefinitely in the body with no danger of late tissue damage 
It has been pointed out that many 
old metal appliances or pieces of 
metal have been left m the body 
for years without causing symp- 
toms This is true but it is prob- 
ably due to the fact that these 
metals became encapsulated m 
dense fibrous tissue which pre- 
vented body fluids from coming m 
contact with them, or they devel- 
oped a protective molecular veil 
(“oxygen film”) ivhich reduced 
electrolytic activity In any case, 
wounds have healed in spite of 
their presence 

In this series of 1,227 cases, 

Vitalhum appliances were removed 
m 87 instances after the bone was 
healed and the need for them no 
longer existed Every observei 
reported that the screws and plates 
were bright and untarnished and 
that the tissues about them were 
normal in appearance Where 
there was no infection or other 
complications, the sciews were 
tight in the bone and force was re- 
quired to remove them 
words, there was no evidence of the slightest erosion of bone or of any 
irritation of soft tissue from the presence of the Vitalhum metal In general, 
roentgenograms of the Vitalhum appliances revealed no changes in the bone 
about the metal at any time after they weie inserted As Smith-Petersen 
remarked, “Vitalhum seems to be as inert in the body as a piece of glass ” 
Others stated “ Vitalhum causes the least irritation of any metal we 
have ever used ”, or “ even m soiled bone the soft parts healed 
around the plates in an astonishing manner ” 

Infected Wounds — Of these 1,227 operations, where Vitalhum was used, 
55, or 0044 per cent, were followed by infected or diaining wounds Of 
these, 46 were cases of seveiely compounded fractures that had been plated, 
one was a rehghting-up of an old infected hip, and one was m a patient with 
phlebitis and cystitis In the remaining seven cases, each surgeon stated that 
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Fig 6 


Fig s ■ 


Photogriph of micro inimeter coupled iv ith 
stainless steel plate in saline solution Note that 
maximum current is produced 

Fig 6 — Photograph of micro ammeter coupled with 
Vit illium plate in saline solution Note that no current 
In other produced and the micro ammeter registers zero 
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the subsequent infections were “not attributable to the inetal” and that when 
screws were loose it \vas due to the infection 

Vitalhum appliances not only did not cause infections in the bone but, in 
several instances, infected wounds gradually healed around the metal Many 
surgeons, including ourselves, have applied Vitalhum plates to fresh com- 
pound fractures and have seen the fractures and skin wounds heal by first 
intention This advance in fracture treatment has done much to prevent the 
usual deformities and delayed unions after compound fractures 

CONCLUSIONS 

(1) Metals which are nonelectrolytic (passive) in body fluids cause no 
pathologic reactions in the tissues Vitalhum which is completely passive is 
more inert than any alloy that has been developed so far 

(2) 1,227 Vitalhum appliances used by 61 surgeons, in various parts of 
the country, resulted m 92 6 per cent solid bony union of fractures, 3 8 per 
cent delayed union, and 3 6 per cent nonunion 

(3) When Vitalhum was first introduced, it was not strong enough or 
sufficiently malleable for general use These defects have been corrected In 
spite of former faults in the material, breaking of plates and screws occurred 
only 28 times m a series of 1,227 cases, or only 2 3 per cent of the total This 
percentage has steadily decreased as the alloy has been improved 

(4) Screws made of Vitalhum were originally too fragile for all uses 
The new screws are amply strong for any type of operation and the wood- 
type screw has been found to be most satisfactory 

(5) On the occasions when Vitalhum appliances have been removed, the 
surrounding bone has shown no erosion or discoloration 

(6) When infections occurred in any cases in this series, they could be 
traced to such causes as compound injuries, septicemia, efc In other words, 
no wound became infected because of a Vitalhum appliance 

(7) On the basis of this study, it has been found that Vitalhum has 
sufficient strength and inertness to be perfectly suited to all requirements of 
bone surgery 

(8) In metals or alloys the phenomena of passivity are apparently closely 
linked to their degree of inertness under corrosive conditions, and compara- 
tive determinations of current flow with a micro-ammeter, using some com- 
mon third metal as an anode, give useful indications of their probable 
tendencies toward reaction in vivo Metals or alloys that give relatively high 
readings are likely to cause a corresponding disturbance in bone or tissue 
Above all, two metals or alloys of different character must be avoided, such as 
a plate of one kind and screws of another, m the same operation 

(9) In any new metal, tensile strength, hardness, shape of appliances, efc , 
are all comparatively unimportant and secondary to the vital fact that the 
material must be passive (nonelectrolytic) m the tissues 

(10) A great deal of study and development is going on m the field of 
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stainless alloys The theoretical work of Uhhg and Wulff at M I T has 
till own additional light on passivity, and disclosed the limitations of the 
oxide film protection theory This newei conception which deals m terms of 
the structuie of the atomic lattice shows, more rationally, the importance of 
the idle of hydrogen m the loss of passivity and explains why the addition of 
molybdenum to the i8-8 type of material, has increased its resistance to 
coriosion attack, particularly of the localized foim resulting m pits Maybe 
it IS possible that furthei developments will pioduce material moie suitable 
than the best of the present available stainless steels 

(ii) We will continue our search foi an ideal alloy foi use m the body 
and enlist the aid of chemists and metallurgists to help discover such an alloy 
We hope some material can be discovered which has the proper strength, 
ductility, and passivity foi all uses in the body So far, Vitallium is the only 
metal we have found which is completely passive in body fluids The final 
choice of mateiial must possess such complete passivity 
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BRIEF COMMUNICATION 

A SIMPLIFIED ARTHROMETER 

William Cooper, M D 
Brooklyn, N Y 

niOM TIO IIOSIITM 1-011 TIIF llUPTUnf D AND CllIPPl HI \LW lOPK, N 1 

For simple and more accuiate measuiement of joint position and motion, 
the wiiter, foi several years, has employed the pocket instrument illustrated in 
Figure 1 The constiuction is such that the indicator retains a fixed horizontal 
position, and lotation is directly denoted m degrees on the graduated dial face 
The opeiation and application of the instiument will be obvious from the 
illustiations It can be applied to virtually every position and motion of the 
body, and has been useful in estimating obliquities of the pelvis, shoulders, 
and tiunk (Fig 2 ) 




Interior of instrument 
show 1 stem weighted 
So that indicator wiU 
remain horizontal 
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Operative Surgery By J Shelton Horsley, MD, LLD, FACS, Richmond, 
Va , and Isaac Bigger, M D , Richmond, Va St Louis, Mo C V Mosby Co 

This is the Fifth Edition of a standard textbook of “Operative Surgery" by Doctors 
Horsley and Bigger, which was first published in 1921 But three years have elapsed 
since the appearance of the Fourth Edition, but no one will take issue with the authors’ 
statement that such rapid progress is now taking place in surgery that a revision at this 
time was indicated As in the Fourth Edition, the book appears in two volumes, which 
are a credit to the publisher and add new laurels to the illustrator, Helen Lorraine 

In the preface one finds outlined the newer procedures which have been added, such 
as ligation of the patent ductus arteriosus, segmental pneumonectomy, and extrapleural 
pneumothorax But this does not speak of the careful reediting which is evident upon 
almost every page of the book when one compares it with the previous edition 

The chapter on peritonitis has been almost completely rewritten and now occupies 
28 pages, and there has been a similar editing of the chapter on appendicitis, which is 
very greatly expanded 

In this work they still carry a section on orthopedics, which is gradually being 
deleted from the textbooks on general surgery, and while it maintains its former high 
standard, the accepted technics of practically all the newer procedures m orthopedic surgerj 
are now included 
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The illustrations throughout the entire book maintain the uniform perfection which 
has been so characteristic of this textbook from its First Edition, and these illustrations 
are a great asset to those of us who are more visually minded than word minded 

That the authors have accomplished their objective, and have brought this long recog- 
nized standard textbook of “Operative Surgery” up to date will be evident to any one 
fortunate enough to possess a copy 

All concerned in the reediting of this work are to be congratulated upon this addition 
to our surgical literature 

Walter Estell Lee, M D 


Diseases of the Esophagus By Porter B Vinsoh, M D , Professor of Bronchos- 
copy, Esophagoscopy and Gastroscopy, Medical College of Virginia Springfield, 111 
Charles C Thomas Co , 1940 

Vinson, m a monograph on diseases of the esophagus, presents, for the first time, a 
discussion of the diagnosis and treatment of esophageal lesions m book form The need 
for such a book becomes apparent when one considers the variety of conditions which 
are overlooked at the present time, and when prepared by one with such experience in 
this specialty, it can be accepted as authoritative, and should provide a useful guide not 
only for the specialist, but also for the general practitioner It would seem to the reviewer 
that this IS just what Vinson has accomplished 

The book, as all products of the publishers, Charles C Thomas Co, is worthy of 
the text, with its clear, large type, excellent illustrations, and a generous use of line 
drawings which serve to supplement unusually well-reproduced roentgenograms and 
photographs 

The table of contents starts with the general management of the patient, and in 
16 chapters adequately covers the subject, concluding with an evaluation of the present 
status of gastrostomy 

Among the highlights are the discussions of the congenital, malignant and traumatic 
lesions , the various diseases , and the foreign bodies winch one should consider in patients 
who experience difficulty in swallowing 

A carefully made and not too fulsome bibliography at the end of each chapter is a 
real asset to the text 

Specifically, the author emphasizes the fact that go per cent of lesions of the 
esophagus may be accurately diagnosed without the use of the special examinations and 
instruments which he discusses, and he warns against the danger of stressing the impor- 
tance of these special procedures, making a plea for a careful routine general examination, 
which, in addition to making unnecessary special examinations in a large number of 
cases, should always be coordinated with the special procedures 

He very properly calls attention to the fact that marked emaciation associated with 
esophageal obstruction is not necessarily due to malignancy, but very frequently is the 
result of starvation and dehydration only Further, as a result of the dehydration which 
follows esophageal obstruction of any kind, surgical procedures are followed by a very 
high mortality rate, averaging 50 per cent This, however, may be lowered if the 
required fluids are provided preoperatively He claims gastrostomy should never be 
considered as a minor procedure, for it is followed by an unexplainable mortality 10 to 
15 per cent, and should always be preceded by putting the patient in water and electrolyte 
balance preoperatively In addition to the mortality rate, it carries a hospitalization 
of from 10 to 14 days Further, he is very pessimistic about the results that may be 
expected in gastrostomy, and claims it is not palliative in malignant obstruction, while m 
benign obstruction the stricture may become complete, unless routine dilatation is carried 
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on, which IS made possible bj the swallowing of a string which will act as a guide for 
the passage of a sound 

It IS startling to read that in approximatelj 40 per cent of patients suffering wuth 
difficult sw'allow'ing, the obstruction is the result of carcinoma, wdiich in appro\imatelj 
5 to 7 per cent of all carcinomatous lesions involves the esophagus No exception can 
be taken to his claim that an accurate diagnosis of malignancy can be made only bj 
biopsj, and then by a pathologist who is experienced in the handling of small pieces of 
tissue, but w'e cannot full} agree A\ith his pessimistic attitude about the value of gastros- 
tomj in hopeless malignancj, especially in those cases in wffiich it is impossible to pass 
a stomach tube through the lumen of the obstructing growth In our experience, 
approaching death has not been so horrible when w'e have been able, with a gastrostomj, 
to avoid the throes of star\ation and thirst 

The subject of esophageal dnerticula is given due consideration, and the value of the 
guidance provided bj the swallowed string is emphasized With this procedure a catheter 
can usually be guided past the opening in the lateral w'all of the esophagus into the sac 
This IS the procedure w'hich has been emplojed by Jackson for many j'ears and is one 
of the basic principles of his use of the esophagoscope in the one-stage operation Vinson, 
however, seems to be unable to decide between the prehistoric two-stage operation of 
excision, wffiich was first advocated by Mojnihan, and the one-stage procedure w'hich has 
been made possible by Jackson’s cooperation w'lth the esophagoscope Those wffio have 
had experience w'lth the one-stage technic are definitely convinced that this procedure is 
applicable in all tjpes of pulsion diverticula, provided the esophageal lumen can be main- 
tained during the process of isolation of the sac, and that angulation of the esophageal 
wall is prevented Such protection, in our experience, can be supplied only w’lth the 
esophagoscope or a stiff stomach tube 

The future of gastrostom} , Vinson feels, is now' assured, but for the present, at least, 
we must consider that direct Msualization of the lining of the stomach is but one method 
of diagnosis — and we w'ould like to add that it should be correlated w’lth other accepted 
routine diagnostic procedures He w'lsely warns that a negative gastroscopic examination 
is of little ^alue — and again w’e add that a positive one should be in agreement w'lth 
other clinical findings in order to be accepted at par value His inclusion of this subject, 
and the limited space devoted to it, would seem to merelj emphasize its possibilities, and 
he lery properlj refers his readers to Rudolph Schindler’s book on “Gastroscopy” for an 
adequate presentation of this field 

Walter Estell Lee, M D 


Abdominal Operations By Rodne}' Maingot, F R C S , England, 2 \ ols , 8°, pp 
1385 Appleton-Century, New' York and London, 1940 

Mr klaingot’s work is not restricted to a consideration of operatne technics The 
two \olumes cover the surgical problems of the abdomen w'lth the same completeness of 
detail found m manj of the longer systems of surgery Incidence, classification, pathologj , 
etiolog}', diagnosis, pre- and postoperative care and prognosis are discussed almost as 
full} as operatne technic Important references are convenient!} cited m the text 

As with most texts by individual authors, some sections are more brilliantly written 
than others The section on liver abscess seems particularly w'ell done In the section 
on appendicitis nearly all phases of the disease are thoroughl} discussed except for the 
postoperative management of patients w’lth spreading peritonitis This subject, which is 
the crux of the problem of appendicitis mortality, is all but omitted The important sub- 
ject of chemotherapy is not adequately discussed either in relation to appendicitis or to 
colon resections The use of the Miller-Abbott tube is mentioned but the technic of its 
use IS omitted and the indications and contraindications for its employment are not con- 
sidered in appropriate detail 
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Despite these omissions, however, the work as a whole is comprehensive and a high 
standard of conciseness and clarity is maintained both m the text and in the illustra- 
tions It should be very useful for those who require a thorough discussion of the 
general surgical problems of the abdomen without requiring a complete system of surgery 

Jonathan E Rhoads, M D 


CORRESPONDENCE 


The Editorial Board, Anlals op Surgert, June 33, 1941 

J B Lippincott Compant, 

327-231 South Sixth St , 

PhihdelphiT, Pa 
Dear Sirs 

It has been brought to m> attention that, in discussing a paper read b> Dr Wm F MacPec on 
‘ Hernia” at the annual meeting of the American Surgical Association held in St Louis in 1940, I mis 
quoted Doctor Burdick and Doctor Coley to the effect that fhe> had slated that they had failed to master 
the technic of using fascia and had suggested as a substitute the remotal of the testis and spermatic 
cord This I regret exceedinglj as their papers show that no such interpretation of their statements Mas 
justifiable I shall he aerj glad indeed if you will gi\e this note the publicity necessary to counteract 
any misconception of their views that my remarks may hate caused 

Yours sincerely, 

W E Gallie, M D 
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EXPERIMENTAL CEREBRAL TRAUMA 

III THE EFFECTS OF ACUTE UREMIA, OF VENOUS OBSTRUCTION, 

OF HTPERTHERiMIA, AND OF INTENSIVE IRRADIATION ON THE 
AVATER CONTENT OF THE DOo’s BRAIN 

Thomas E Wyatt, M D , 

AND 

Cobb Pilcher, MD 
Nasiuille, Tev\ 

FROM THE DFPVRTMENT OF SURGERY, \ANDERD1LT UM\ ERSIT\ SCHOOL OF MFDICINF, NASIIMLLE, TLNN 

In previous experimental studies,^ - it has been found that the water 
content of the dog’s biain is remaikably constant in normal animals Further, 
no significant alteration m the watei content of cerebial giay or white matter, 
cerebellar gray mattei oi the biain stem was produced by trauma to the 
head, even though the tiauma was sufficiently seveie to produce a marked 
elevation in cerebrospinal fluid piessuie, and even though in some experi- 
ments a portion of the skull and dura mater was left open to allow free 
expansion of the brain The findings m these previous experiments are 
summarized in Table VII 

The senes of experiments to lie leported in this papei weie undertaken 
to determine whether the water content of the biain was altered in othei 
conditions which have been lepoited to be associated with “ceiebral edema” 
The conditions studied were acute uremia, obstruction of the supeiior vena 
cava and azygos vein, severe fevei , and intensive irradiation of the head 

Methods and Results — Dogs weie used m all experiments and the same 
methods of study of the water content of the biain weie employed as in the 
previously reported experiments ^ - The animal was sacrificed by stabbing 
the heart The brain was removed and specimens of cerebral gray and white 
matter, cerebellar gray matter, and brain stem were obtained by the same 
individual (CP) and by the same technic m all experiments Specimens 
were weighed immediately (seven to ten minutes after death) and dried to 
constant v eight at 6o° C 

Gioup I Acute hicuiio Bilateral nephrectomv aars performed in six 
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and bilateial lueteral ligation in five animals, under nembutal anesthesia 
Such animals go into pi ompt and profound uremia ® They were sacrificed 
by stabbing the heait m the moribund period two to five days after operation 
In the nephiectomy gioup, mean arterial blood pressure was determined with 
the animal at rest hefoie operation and immediately before sacrifice by 
means of a needle inserted into the femoial artery and communicating with 
a mercuiy manometer Blood nonpiotein nitiogen was determined at the 
same time in both gioups, the eyegiounds were examined, and the cerebro- 
spinal fluid pressuie determined* by means of a needle m the cisterna magna 
immediately before the animals were sacrificed 

T\di.c I 

THE rrrncTs or bilateral nephrectoma 
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All animals subjected to bilateial nephrectomy exhibited lethargy and 
diowsiness progressing into deep stupor They took little or no watei None 
had convulsions or othei symptoms referable to the nervous system Other 
findings are given m Table I The blood pressure diminished from i6o to 
110 Mm in one animal, and lemained essentially unchanged in the remaining 
experiments The blood nonprotein nitrogen was greatly elevated in five 
casesf at the teimination of the experiments The brain appeared normal in 
all animals except Dog E6, m which it seemed somewhat shrunken after the 
dura was opened Values for the water content of cerebral and cerebellar 
gray matter and biain stem weie remarkably constant Those for the ceiebral 
white matter were moie vaiiable and were definitely lower than average 
normal figuies m two experiments (Dogs Ei and E 2 ) Average values, 
however, were veiy close to normal averages (Table VII) 

The animals in which both ureters were ligated were sacrificed after 
three to five days Two exhibited convulsions and two vomited frequently 
None drank water after the first day The blood nonprotem nitrogen was 

* The needle was connected directly with a water manometer With the head slightly 
elevated and the neck flexed anteriorly, cerebrospinal fluid normally barely appears in 
the manometer Any measurable rise in the tube was assumed to be an elevation of 
pressure above the normal 

t The blood specimen from Dog ES clotted and was discarded 
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over 200 mg pei cent m all cases and the cerebrospinal fluid pressure was 
slightly elevated in two animals (Table II) The brains were grossly normal 
The water content of the cerebral gray matter was slightly but consistently 
lower than the noimal value That of the cerebral white matter was some- 
what variable and was definitely low m two animals The other values weie 
consistently normal 


Table II 

THF ErrccT or bilateral urcti ral ligation 
Findings Immediately Before Sacnfiee Percentage of Water in Brains 
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Comment — The neuiologic symptoms occuning so frequently in uremia 
have long been attributed to “cerebral edema ” Rees'* and Traube® believe 
that cerebral edema was the cause of such symptoms, and Volhard** postulated 
an “acute false uremia” which he thought due to cerebial edema Fishberg’ 
states that this cerebral edema is the lesult (and not the cause) of “hyper- 
tensive encephalopathy,” with or without uiemia Blackfan®’ ^ has repeatedly 
emphasized the presence of cerebral edema in uremia in children 

The “acute” experiments repoited above are not directly comparable to 
such clinical states, but they serve to cast doubt upon the occuiience of 
increased cerebral tissue fluid in acute uremia The low fluid values found 
in some of our experiments may be tbe result of vomiting and fluid 
deprivation 

Gioup II — Venous Obstmcfion In foui dogs, the superior vena cava 
was ligated, and m four others, both the superior vena cava and the azygos 
vein were ligated Operations \veie pei formed under intratracheal, positive 
pressure, ether anesthesia In the former foui experiments, the animals 
were saciificed two to 14 days after opeiation In the latter, the animals 
immediately became very ill and were sacrificed 24 to 36 hours after operation 
Cerebrospinal fluid pressuie was measured by means of a needle in the 
cisterna magna (with the head in the same position as m previous experi- 
ments), and the eyegrounds were examined before sacrifice Complete 
necropsy, m addition to removal of brain specimens, was performed after 
death In all cases, the ligatures had been propeily placed and the venous 
obstruction remained as intended The animals were sacrificed and specimens 
of brain tissue were removed and studied as before 

When the superior vena cava alone was ligated, the animals showed little 
general or local effect In two of the four experiments, a model ate effusion 
of serosangumeous fluid occurred in the right pleural cavity Edema of the 
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scalp and papilledema did not occui The water content of the biain closely 
appioximated normal values except foi some vaiiations in the cerebral white 
matter (Table III) 


Tibll III 

Tiir Lri ncTs or ugatiov or Tin siherior \l\a ca\a 
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On the othei hand \s hen both the supei loi vena cava and azygos vein 
c\ere ligated, piofound alteiations m the animals’ general condition vere 
obseived It was necessary to saciifice them at the end of 24 hours (three 
dogs), 01 36 houis (one dog), because of extieme apatby 01 stupor and 
impending death Theie was marked edema of the scalp (with subperiosteal 
hemorrhage 111 one instance) The optic disks weie very hyperemic m one 
dog, and frankly choked m tw'o others No letinal or intracranial hemor- 
rhages w^ere observed The cerebiospmal fluid pressure w'as elevated in all 
experiments, the smallest elevation being 20 Mm . the largest 125 Mm of 
w’^atei In one animal, a laige amount of milky fluid filled the pleural 
cavities * 

Brain watei values aie showm m Table IV In one animal (Dog E16), 
the water content of the ceiebial and ceiebellai gia} mattei w^as elevated 
significantly In the lemaining instances, all values weie appi oximatel}' 
noimal, as w^eie the averages 


Table IV 

THE FIFECTS OF LIG\TION OF THE SUPERIOR \ LVA C\\ \ AND AZYGOS \ blN 

Percentage of V ater in Brains 
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CoMMLNT — Although the supei lor vena cava has been experimentall> 
ligated by several investigatois,^® the ceiebial effects of the procedure 

have not been studied That clinical neuiologic symptoms may result from 
obstruction of the supei 101 vena cava (by tumors, aneuiysms, etc) has long 
been recognized These symptoms "weie attiibuted meiely to venous stasis 

* Similar chj 16-0011131111115 fluid has been found in the pleural cavities of cats after 
ligation of the superior vena cava bv Blalock and his associates^® “ 
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by Phillips/'' and Lilienthal/-* but Ehrlich Ballon and Graham^^ stated 
‘The Aenous stasis may also cause cerebral s\mptoins because of edema in 
the meninges and brain substance ” The brain a\ as not examined in the 
necropsy reported b} the last-named authors Waterfield^*^ reported marked 
elevation of the cerebrospinal fluid pressure m a patient i\ith clinical eiidence 
of obstruction of the superior a ena ca\ a 

No direct obseriations of cerebral edema in the presence of distant lenous 
obstruction ha\e been found in the literature The high lenous pressure 
which produces edema of the scalp papilledema and eleAated cerebrospinal 
fluid pressure might well be expected to produce edema of the brain as well 
How e\ er no e\ idence of such edema w as found 

An increased intracranial blood Aolunie must certain!} ha-\e existed in 
these expenments and this could account for the ele\ation of intracranial 
pressure The obsenations of Shapiro and Jackson which were discussed 
in tlie preceding paper in this sei les - are of interest in this connection These 
autliors belieie that the increased pressure resulting fiom cerebral trauma is 
due to increased intracranial blood volume (intrai ascular and extraiascular) 
This possibility was also suggested m the first paper of this senes ^ 

Gioiip III — Fczct In four experiments, the dogs were placed in an 
h} pertherniic chamber the teinpeiature of which was maintained at 48-52° C 
They remained in the chamber one to one and one-quarter hours Specimens 
of brain w ere obtained as usual immediate!} after remoi al 

All animals were seierely prostrated b} the time of remo\al from the 
h} perthermic chamber Panting was marked and salnation lery profuse m 
all instances Rectal temperature on remoial was 44 4° to 45 5° C (112° 

to 114° F ) Dogs ES and E9 had generalized coiiAulsions one and one- 

quarter hours after being placed m the chamber and expired suddenly when 
remoied immediately afterward Dogs Eio and Eii also had repeated 
comulsions before remoial, but were remo\ed and sacrificed one-quarter 
hour sooner The cerebrospinal fluid pressure was normal in both animals 
immediately after remoial At necrops} the brains presented no Msible 
abnormaht} ^ 

The brain fluid findings are shown in Table The percentage of water 

in both cerebral and cerebellar gra} matter, and m the brain stem was con- 

sistent!} higher than normal m all experiments In the cerebral white matter, 
the percentage of water was within normal limits 

CoMMEXT — In 1918, ^McKenzie and LeCount^^ reported an increase in 
the water content of the brains of patients dying of heat stroke Objections 
to the 1 alidit} of these findings hai e prei lousl} been mentioned ^ Numerous 
other authors ha\e reported finding cerebral edema in patients d}nng of heat 
stroke or following artificial feier therapy (Lichtenstein^'’ Watts-® Hart- 
man,-^ Schnabel and Fetter,-- and Chunn and Kirkpatrick"®) — ^but these 
findings are based on the gross and microscopic appearance of the brains 

* “Petechial hemorrhages” noted in the protocol 01 one experiment pro\ed to be 
blood \essels (distended') on microscopic studj 
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and not on water determinations In their repoit of a careful experimental 
stud}^ Hall and Wakefield-'* did not report gioss edema Microscopically, 
they found swelling of the cytoplasm of glial cells 


Table V 

THE EFTECTS OI IIYPERTHERSIIA 

Percentage of Water in Brains 




Rectal 

Hours in 

Cerebral 

Cerebral 

Cerebellar 


Dog 

Temp of 

Temp on 

Hyper- 

Gray 

White 

Gra> 

Brain 

No 

Hj pertherm 

Remov al 

therm 

Matter 

Matter 

Matter 

Stem 

E8 

48° C 

44 4°C 

iM 

80 3 

67 6 

80 4 

72 3 

Ep 

48° C 

4 S o°C 


81 3 

66 I 

81 3 

72 8 

Eio 

52° C 

45 o°C 

I 

80 I 

67 0 

80 7 

71 7 

Eli 

52° C 

45 5°C 

I 

82 6 

67 8 

82 4 

73 2 

Av erages 



8r I 

66 7 

81 2 

72 S 


In our experiments, the uniformly high values for water content of 
cerebial and cerebellar gray matter and brain stem seem to us to be significant 
It is thought justifiable to conclude that tiue edema of these portions of the 
biam results fiom extieme hyperpyrexia 

Gioup IV — Intensive Iiiadiatwn of the Head In six experiments, deep 
roentgen radiation was administered to the entire head A dosage of 3,000 
roentgen units (with backscattei ) was delivered in each animal * The 
animals were sacrificed at the end of 24 hours m two experiments, 48 hours 
in one experiment, 21 days in two experiments, and 90 days in one experi- 
ment The eyegrounds weie examined and ceiebrospinal fluid pressure 
determined immediately pi 101 to sacrifice 

In the two animals sacrificed one day, and the one sacrificed two days 
after irradiation, no significant abnormality was noted m appeal ance of the 
scalp, optic disks or biam The cerebrospinal fluid pressure was slightly 
elevated (less than 10 Mm H2O) m one experiment (Dog E25), but not at 
all in the other 

In the animals saciificed aftei longer intervals, the scalps were ulcerated 
and edematous, but the optic disks and brain were not abnormal in appear- 
ance In Dog E24, an elevation of ceiebrospinal fluid pressure of less than 
10 Mm of HoO was noted 

The percentage of water m the brain specimens varied somewhat more 
than usual m the individual experiments (Table VI), but the average findings 
showed no significant variation from normal values 

Comment — The pioduction of edema by irradiation therapy of brain 
tumois has long been assumed The literature on this subject was summarized 
by Bailey, Sosman, and Van Dessel,^''' and the danger of edema has more 
recently been reiterated by Alpers and Pancoast In describing the effects 
of expel imental radium implantation m the biams of dogs, Pendergrass, 

* We are indebted to Dr Herbert Francis, of the Department of Radiology, for ad- 
ministration of the radiation and for the following description of technic 200 kv , 20 ma , 
SO cm distance Yz Mm Cu , i Mm A 1 filters 
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Hayman, Houser and Rambo“' stated “The brain shows a general 

swelling throughout the entire radiated hemisphere, which must he 

ascribed to the production of an edema which is not limited to the radiated 
area, but extends throughout the entire hemisphere ” 


Table VI 

the effects or i'itensive iiradiatiov or the br\in 

Percentage of Water in Brains 




Cerebral 

Cerebral 

Cerebellar 


Dog 

Time of Sacrifice 

Gray 

White 

Gray 

Brain 

No 

Days After Irradiation 

Matter 

Matter 

Matter 

Stem 

E23 

I 

79 3 

63 6 

79 9 

70 8 

E2S 

I 

81 4 

67 9 

81 I 

70 2 

E20 

2 

77 0 

64 4 

78 2 

70 0 

E21 

21 

79 0 

68 8 

79 6 

70 6 

E22 

21 

77 4 

64 2 

78 S 

69 3 

E24 

90 

79 9 

69 0 

79 0 

72 I 

Averages 

79 0 

66 6 

79 4 

70 5 


Under the conditions of our experiments, no increase in the water content 
of the brain resulted from intensive irradiation of the head The unfavorable 
symptoms which undoubtedly sometimes follow roentgenotherapy may he 
due to changes in such factors as blood volume, cerebrospinal fluid balance 
or to actual hemorrhage (as suggested by Bailey, Sosman, and Van Dessel-®) 
The findings m the experiments here reported again demonstiate the 
remarkable stability of the water content of the dog’s brain, both m corre- 
sponding specimens from a single animal {eg , cerebial and cerebellar j,ray 
matter) and from diffeient animals under widely varying abnormal conditions 
For purposes of comparison, a composite tabulation of the aveiage findings 
in these and previously reported groups of experiments is given in Table VII 
Only the group subjected to high fever showed a consistent elevation m 
brain water content 

Table VII 

COMPOSITE TABLE OF \\ ERAGES 


Percentage of Water in Brains 





Left 

Left 

Right 

Right 

Cere- 




No of 

Cerebral 

Cerebral 

Cerebral 

Cerebral 

bellar 




Expen- 

Gray 

White 

Gray 

White 

Gra> 

Bran 


Type of Expenment 

ments 

Matter 

Matter 

Matter 

Matter 

Matter 

Stem 

I 

Normal controls* 

S 

79 4 

68 0 



79 6 

70 9 

2 

Trauma No operation* 

IS 

79 9 

68 9 



79 7 

71 I 

3 

Left hemisphere exposed No 









trauma* 

7 

79 0 

68 6 

79 S 

68 s 

79 9 

70 9 

4 

Left hemisphere exposed 









Trauma* 

6 

79 3 

67 t 

79 I 

66 8 

79 7 

70 4 

s 

Bilateral nephrectomy 

6 

79 4 

66 6 



79 3 

71 2 

6 

Bilateral ureteral ligation 

5 

78 3 

66 I 



79 3 

70 6 

7 

Ligation of suoerior vena cava 

4 

80 0 

68 2 



79 7 

71 7 

8 

Ligation of superior v ena cava 









azygos \ein 

4 

79 9 

68 6 



79 9 

70 7 

9 

Hyperthermia 

4 

81 I 

66 7 



81 2 

72 S 

10 

Irradiation 

6 

79 0 

66 6 



79 4 

70 S 


* Previousl> reported experiments * " 
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SUMMARY 

The water content of vaiious portions of the brain has been determined 
m dogs after bilateral nephiectomy, bilateral ureteral ligation, obstruction of 
the superior vena cava and azygos vein, severe fever and intensive irradiation 
of the head 

After high fever, a slight but consistent increase in the water content of 
the ceiebial and cerebellar gray matter and of the brain stem was found The 
water content of ceiebial white matter was not significantly altered 

No significant alteiation of the water content of the brain was found 
after the production of acute uremia, ligation of the superior vena cava and 
azygos veins, or intensive irradiation of the head 
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CEREBELLAR ABSCESSES OF OTITIC ORIGIN IN 
NINE CHILDREN 

EIGHT RECOVERIES AFTER CANNULATION 

Frederic Sciireiber, M D 
Dptroit, Mien 

rllOM Till DFPMlTMfNT OF SUIlOFIll, \\A\NF UNU HISITF COLI tOf Ol MFDICIM-, DFTIiOIT MICH 

Cerebellar abscesses in nine chilclien have been treated surgically by 
the authoi cluiing the past seven years In each instance the symptoms of 
abscess became manifest after mastoiditis and mastoidectomy Operative 
treatment was the same for all cases, and was delayed as long as possible 
without jeopardizing life from incieased intracranial pressure, to allow the 
abscess wall to thicken and the acute sj'mptoms of meningitis and cerebritis 
to subside Slowing of pulse oi lespiration with increasing restlessness and 
stupoi weie the warning signs that surgical interference was imperative No 
lumbar punctures were made, for fear of medullary herniation Medication 
was avoided, especially with barbiturates oi narcotic drugs which would pro- 
duce added anoxic insult 

Under local anesthesia, a one-half inch tiephine opening was made over 
the suspected cerebellar lobe with a Hudson bur, midway along a line between 
the occipital protuberance and the mastoid tip (Fig i) The dura was 
incised one-f oui th inch to allow insertion of a blunt cannula with a side open- 
ing The cannula was inserted into the abscess allowing its contents to escape 
Usually, the first pus was thin and wateiy and the last thick and stringy The 
abscess cavity was nevei washed out , the wound was always closed tight with 
silk 

Biief abstracts of each of the nine cases of ceiebellar abscess in children 
are appended, certain details of the cases illustiate pertinent considerations in 
successful diagnosis, preopeiative, suigical, and postopei ative treatment of 
this condition 


ABBREVIATED CASE REPORTS 

Case I —Judith S , age four, was admitted to hospital with painful swelling behind 
left ear , swelling had been discharging for two months Child had been nervous, weak 
and without appetite since tonsillectomy a year before Mastoidectomy was performed 
day following admission— a large quantity of pus was found and a small dural exposure 
was made Extreme hyperemia of all structures made operation difficult but recovery 
was fairly uneventful until one month later, when child refused food, vomited, and tem- 
perature remained at ioi° F for a week Spinal fluid showed 1,575 polymorphonuclear 
cells, with COCCI in chains Numerous spinal taps were made during the following month 
Cultures were negative 

When first seen by the author, nine weeks after mastoidectomy, the child was listless, 
vomiting, and showed marked ataxia of the left arm Optic disks were rosy Seven days 
later the child became comatose, there was early papilledema and considerable ataxia of 
left arm and leg At operation, resistance of abscess wall was felt at depth of 3 cm , and 
penetration with the cannula allowed green pus to extrude Culture Sti eptococcus 
haemolyticus One ounce escaped before the child became livelier and the needle was 
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withdrawn to avoid traumatizing the cerebellum when the child moved During a rapid 
postoperative recovery the child’s papilledema disappeared within a week and the ataxia 
within a month After five years of apparently normal health the child i\as again 
admitted to hospital with a stiff neck and high fever Pneumococci were recovered from 
blood and spinal fluid and four days later patient expired from septicemia and menin- 
gitis 

Case 2 — Margaret L , age eight, was admitted to hospital, seven weeks after an 
opening of both eardrums, with painful and discharging ears After a double mastoidec- 
tomy the child continued to be drowsy, with nausea, headache and weakness of left arm 



Fig I — Billj H Cise g Showing recent scar over trephine open 
ing Patch of adhesive marks occipital protuberance 

Right mastoid region was reopened 12 days after mastoidectomy, the dura uncovered, 
and the right temporal lobe needled for a suspected abscess without obtaining pus 
Several spinal punctures around this time showed 50 to 100 cells, mostly lymphocytes 
Patient was first seen by the author the day following reopening of right mastoid 
region Child was semicomatose , pulse 60, temperature 996° F Atonia and ataxia m 
left arm with early choking of optic disks At operation upon the left cerebellar lobe, 
45 cc of thick greenish pus were allowed to escape from abscess whose wall was 
encountered at a depth of 3 cm Pulse rose from 74, preoperatively, to 134, postoper- 
ativelj% and child seemed improved Culture Stt cptococcns hacmolyticus After ii 
dajs of stormy convalescence the child became unconscious, cyanotic, and pulse rate 
dropped to 60 Tiventy-five cc of glucose were administered, and patient immediately 
became conscious After seven jears this patient was getting along well in school and 
no neurologic abnormalities could be found 

Case 3 — Harry C, age five, vvas readmitted to hospital, 15 dajs after a left mas- 
toidectomy, ivith complaint of vomiting and headache, but did not appear acutel> ill 
Pulse 100, temperature normal, RBC, 3,150,000, WBC, 17,200 Spinal tap revealed 
clear fluid under increased pressure, with 76 cells Culture Staphylococcus Following 
spinal tap, the child complained of neck pain, its head was retracted and its condition 
became rapidly worse 

Seen by author on following day, the child was drowsv but cooperative, his pul=e 
varied around 60, the fundi showed earlj choking of the disks, and there were marked 
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ataxia and atonia of the left aim Tlie neck was not rigid but the head was throw'n back 
because of pain se\cial times during examination (cerebellar fits) At operation, cannula 
was introduced dircctb into cerebellar lobe to a depth of 6 cm without encounterini; 
resistance Cannula was introduced slightb' upward without meeting abnormal resistance 
but w'hen introduced slightlj dow'nward encountered resistance at a depth of 5 cm On 
wMthdraw’ing slightlj, about 2 to 3 cc of thin, flakv pus escaped 



Fig 2 — Left to right Marguret L Adelore W, Bruce R, Gloria D Mary R Sally 
L , standing on the foot on the same side as the caiinulated cerebellar abscess 


The condition of the patient seemed to be somewhat improved postoperativeljr, but 
the child continued to throw its head back because of pain On the second postoperative 
day breathing suddenly stopped following a spell of extreme restlessness and death 
followed shortly afterw'ard 

Case 4 — Adelore W , age ii At age five patient underwent bilateral mastoidectomy 
following a three months’ fever follownng scarlet fever Admitted to hospital six years 
later wnth vomiting, severe headache and photophobia Neck rigid Temperature, 
1006° F During secondary right mastoidectomy, dura and sinus w'ere exposed and 
appeared healthy A right facial paraljsis was noted on reaction from anesthesia, and 
after operation temperature became normal, but the boy was increasingly drowsy and a 
right rectus palsj"^ developed Optic disks were elevated 2 to 3 diopters 

First seen by the author 12 days after secondary mastoidectomy, the boy was alert 
and cooperative but his speech was slurred Paralj'sis of right sixth and seventh nerves 
was noted There w^ere marked atonia and ataxia in the right arm Bilateral papilledema, 
3 diopters WBC, 16,250, 76 per cent polymorphonuclears Temperature, 986° F 
Pulse, 70 At operation, cannula inserted into center of right cerebellar lobe encountered 
pus at depth of 2 cm Cannula removed after 20 cc of pus had been extruded Culture 
Streptococcus haemolyticns Recovery was uneventful except for a persistent slight right 
facial weakness, and four jears later child was apparently in perfect health 

Case 5 — Bruce R, age ten After several years in wduch patient was troubled 
with right earache wuth discharge in the wintertime, he w'as admitted to hospital with 
headache, earache and discharging right ear Culture Streptococcus haemolyheus 
Child was discharged from hospital one week after right mastoidectomj and recovery 
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seemed normal for three weeks, after which the boy complained of headache and ran a 
spiking temperature Blood culture showed no growth W B C , 22,800 , polj mor- 
phonuclears, 84 per cent Four weeks after the mastoidectomj another mastoidectomy 
was performed on the same side Temperature became normal but drowsiness increased, 
accompanied by headache 

When first seen by the author the boy was lethargic but coopeiative, complaining of 
frontal headache The neck was not rigid There was no papilledema, although the 
optic disks were rosy Coarse nystagmus on looking to the left, with the slow component 
to the right Transient right facial weakness, especiallj noted on smiling Ataxia on 
the right in the finger-to-nose and finger-to-finger tests Atonia of the right arm No 
abnormality noted in the deep and superficial reflexes W B C , 14,500 , polymor- 
phonuclears, 95 per cent At operation, cannula encountered lesistance as of tentorium 
at a depth of 3 cm Cannula reinserted slightly downward and toward mastoid tip, 
striking no resistance but obtaining pus at a depth of 4 cm Ten cc of thick greenish- 
yellow pus allowed to extrude itself On inserting the instrument i cm farther, a 
resistance was felt as of the bottom of the abscess cavity When no more pus escaped, 
the cannula was withdrawn Culture Sticpfococcus haemolyhciis 

There was immediate improvement in the headache, but the boy continued to be 
drowsy After three weeks the wound was opened and about 5 cc of pus found outside 
the dura Following this the patient made a progressive and uneventful recovery Three 
years after operation neurologic examination was entirely normal, the boy was getting 
good grades in school, was active m athletics and had no complaints of anv kind 

Case 6 — Gloria D , age six, was admitted to hospital with pain and swelling behind 
right ear after complaining for two months of recurring earache on right side Right 
mastoidectomy revealed considerable pus Culture Sti eplococcus haenwlyticus Con- 
valescence was uneventful, but a month later the child was readmitted to hospital after 
ten days of headaches and fever Child was listless, uncooperative, and weakness of 
right arm was noted Papilledema, 6 diopters Secondary mastoidectomy with needling 
of right temporal lobe did not reveal pus Sulfanilamide was given but discontinued 
because of increasing stupor 

When first seen by the author the girl was semiconscious but cooperated enough to 
laise her arms The right arm was ataxic and could not be supported voluntarily because 
of atonia The grip was fair in both hands Moderate neck rigidity Diminished knee 
jerks Marked choking of disks WBC, 12,500 Temperature, 986° F Pulse, 65 
At operation, definite resistance was found at a depth of 2 cm On pushing the cannula 
through this resistant tissue, yellow pus was encountered and one ounce drained When 
no more pus would flow, the cannula was withdrawn The tension on the dura was 
markedly decreased following this procedure On discharge two weeks after operation 
there was no evidence of atonia or ataxia, although a decreasing papilledema was still 
present When last seen, two >ears after operation, the neurologic examination was 
entirely negative The child w^as doing w'ell at her studies and was said to be an excellent 
tap dancer 

Case 7 — Mary R , age seven, w'as admitted to hospital after six daj s of pain and 
discharge from right ear Temperature, loi 5° F During mastoidectomj’’ ii days 
later, pus under pressure w’as found Culture Sit cptococcus hacmolyticus Temperature 
dropped to normal followung operation but child became drows}' and lomited 

Patient was first seen b^ the author ten days after mastoidectomj Right arm was 
ataxic Photophobia w’as noted but optic disks appeared noimal At operation, abscess 
cavitj’’ was entered at depth of 3 cm and 10 cc of thin pus escaped Aspiration with a 
20 cc sjringe produced 5 cc of thick, slimj pus before needle clogged and was with- 
drawn Culture St) cptococcus hacmolyticus Patient impro\ed but remained irritable, 
\omited occasionallj’’ and showed ataxia of right arm and n\stagmus Fundi remained 
normal and mastoid wound healed completelj 

Three months later child w'as again admitted to hospital because of increasing head- 
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ache, vomiting and atonia of right arm and leg Evammation showed bilateral choked 
disks of 3 to 4 diopters, right rectus palsy The child appeared to be myxedematous 
Extreme ataxia and atonia m the right arm and leg During secondary operation very 
marked resistance was encountered at a depth of 5 cm w-ith the cannula directed toward 
the left pupil This was at first thought to be tentorium, but on pushing the instrument 
further a cavity w'as entered and tw'o ounces of thick grcenish-yellow' pus escaped When 
dropping of the pus through the cannula slowed up, aspiration with a syringe w'as 
attempted, but w’lthout obtaining more pus Culture Sti eptococcus haemolyfiais 

This child W'as discharged six days after operation The irritability disappeared 
immediately One month after operation the myxedematous appearance had disappeared, 
the optic disks were flat and only a trace of ataxia and internal strabismus remained 
A year later no neurologic abnormalities could be noted and the child w'as getting along 
w'ell in school 

Case 8 — Sallj L , age five, w'as admitted to hospital with left-side earache, vomiting 
and temperature of 100° F History of bilateral headaches for over three years The 
ear had been opened the day before admission and sulfanilamide w’as given for four days 
after admission Roentgenograms showed second degree left mastoid invoUement and 
complete left mastoidectomy was performed ten dajs after admission Culture Strepto- 
coccus hacmolyticus Temperature continued to range from 99° to 102° F, and the girl 
became increasingly irritable and irrational She was drowsv but presented no abnormal 
neurologic signs except neck rigidity Spinal fluid examination showed no increase m 
pressure, 285 polymorphonuclears , Pandy, four plus Spinal fluid culture, staphj lococcus, 
atypical Sulfanilamide w as again administered and several transfusions given Although 
the temperature became normal, the child grew’ increasingly drowsy w'lth generalized 
tw'itchings, suggesting a tuberculous meningitis to one observer 

When first seen bj the author, three weeks after mastoidectonn , she w’as drowsy 
and irritable Early papilledema was noted and the neck was rigid There w’as marked 
ataxia and atonia of the left arm and leg when raised bj examiner, the child being entirely 
uncooperative Because of the irregular pulse, ranging from 42 to 60, and the desperate 
appearance of the child, operation for suspected cerebellar abscess was performed immedi- 
ately On incising the dura a small amount of cerebellar cortex herniated through the 
small nick A cannula was inserted and penetrated the resisting abscess w'all at a depth 
of 2 cm One-half ounce of jellow fluid squirted out and gentle aspiration removed 
another one-half ounce of thick yellow pus Culture Streptococcus hacmolyticus 

During the procedure the child became more rational and cooperative Recovery w'as 
immediate and the patient was dischai ged five days after operation A year later neuro- 
logic examination was entirely nega ive and the parents thought the child normal in 
every w'ay 

Case 9— Billy H, age foui Headache, irritability and neck ngiditj had been 
present before a right mastoidectomy After operation the child became drow'sy and 
developed inci easing ataxia of the right arm and leg There w'as little elevation of 
temperature at any time 

Two weeks after mastoidectomy the patient w’as seen by the author and a cannula 
was introduced into the right cerebellar lobe allow’ing 45 cc of pus, under marked pres- 
sure, to escape Culture Sti eptococcus hacmolyticus Recovery w'as uneventful and 
neurologic examination seven months after operation w’as entirely normal (Fig 2) 

Discussion — In all the cases the principal diagnostic and localizing signs 
were atonia and ataxia of the arm on the same side as the abscess These 
signs could be observed, whether the child was cooperative, irritable or 
stuporous, if the arms weie lifted from the bed and allow’ed to fall away In 
addition, various symptoms of cerebial anoxia from increased intracranial 
pressure were found character change, headache, irritability, vomiting, papil- 
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ledenia and stupoi Occasionally, differential diagnosis was difficult between 
a brain abscess in the cerebellar lobe on the side of the atonic and ataxic ex- 
tremity and in the tempoial lobe on the opposite side With the cerebellai 
abscess the grip in the ataxic extremity is little diffeient from that in the 
other hand With the temporal abscess, the aim is usually paietic and the 
grip IS weaker in the hand on the side opposite the abscess 

In waiting foi a cerebellar abscess to wall off, there is a perilous balance 
between brain infection, on the one hand, and increased intiacianial piessure, 
on the other Chance, as well as judgment, may play a great pait in the 
successful outcome of any case The value of surgeiy is principally in the 
mechanical relief of piessuie, giving the brain a bettei chance of conqueiing 
and surviving its infection 

After the upper attachment of the suboccipital muscles is spiead with a 
self-1 etaining mastoid retiactoi, the tiephine opening is ordinarily made 
about one-half inch below the tiansverse sinus Caie must be taken that 
the opening is not over or above the sinus Aftei nicking the dura, the can- 
nula IS gently forced into the ceiebellum and directed slightly toward the 
mastoid tip In only one case was the abscess found to be more centrally 
located The cannula should be inserted and withdrawn very slowly to allow 
thick pus to escape Pressure from within is usually sufficient to empty an 
abscess completely because, when the pus stops dripping through the cannula, 
aspiration with a 20 cc syringe seldom obtains more pus Still, it is well to 
use the syringe to make sure the cannula has not been plugged with fibrinous 
material No irrigation of the abscess cavity is employed 

Any anoxic insult which might be added incident to treatment must he 
avoided Operation should he performed under local anesthesia and narcotic 
or hypnotic drugs are contraindicated In all of the cases outlined chemo- 
therapy was discontinued as soon as the ceiebiitic stage was passed and 
before any surgical intervention was attempted 

Previous attempts had been made m two of the cases to needle a suspected 
temporal abscess through an infected mastoid wound Such a practice proves 
the considerable immunity of the brain to infection, but is not a desirable 
neurosurgical procedure Spinal puncture should not be made if a cerebellar 
abscess is suspected, for this procedure inci eases the dangei of medullar} 
herniation 

The only child in the series which died after operation was fighting not 
only an active staphylococcic meningitis, but also the untoward effects of a 
spinal tap, which made immediate operation impeiative and prevented proper 
walling-off of the abscess The other child, who died of pneumococcic menin- 
gitis after five years of good health following the drainage of a streptococcic 
abscess, is just another illustration of the variable immunity of the central 
nervous system to diffeient types of organisms 

Grateful acknowledgment is made to Drs William S Gonne, J Milton Robb, G M 
Laning, Seymour Ross, William G G Coulter, J Gerard Campbell, Carl C McClelland, 
Wesle} W Wilson, and Jacob S Wendel, who referred these cases to the author 
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THE SURGICAL TREATMENT OF INTRACRANIAL ANEURYSMS 
OP THE INTERNAL CAROTID ARTERY* 

Walter E Dandy, MD 

Bvmimobe, Md 

Intracranial aleurysms arise on any part of the arterial vascular tree 
Over one-half spiing from the circle of Willis, the remaining are distributed 
thioughout the biain and from the vertebral and basilar arteries There 
aie thiee types of inti acranial aneurysms (i) Congenital, compnsing about 
So per cent of the entire number, (2) arteriosclerotic (about 15 per cent) , 
and (3) mycotic (about 5 pei cent) Contraiy to a veiy pievalent opinion, 
syphilis plays no idle, 01 almost none, 111 the formation of these aneurysms 
There aie no surgical jwssibilities in the mycotic aneurysms, which are one 
of the teiminal phases of endocai ditis, and are almost always in the brain 
substance and on the middle ceiebral artery or one of its branches Arterio- 
scleiotic aneurysms offei vet 3'^ little leturns fiom surgery, as yet none have 
been cured, though it is quite probable that the vertebral and basilar aneu- 
rysms may be benefited by ligation of one vertebral artery m the neck It is 
principally with the congenital aneurysms that surgeiy has a place m treat- 
ment Usuall}”^ they are small beriy-like nubbins m one of the vascular 
ti unks — not uncommonly they ai e multiple Since then walls are congenitally 
defective, they give rise to mti acranial hemorrhage — usually the so-called 
subarachnoid hemoirhage — and in the early 3'ears of life, although they may 
lupture m latei life 

Until a sudden vuptiue, aneurysms are usuall}’’ silent The immediate 
lesult of the hemoirhage depends m large degree upon the presence or 
absence of opposing tissue at the site of the rupture If the rupture is into 
cerebral substance, the bleeding may be controlled, and a large progressive 
false aneurysmal sac will foim and m time, by gradual expansion, give signs 
and symptoms like those of a brain tumor Should the rupture be along a 
structure like the third neive or the carotid artery itself, the bleeding may 
be controlled temporarily, but subsequent ruptures will probably occur and 
usually end fatally Should there be no opposing tissue, the bleeding would 
then be into the ceiebiospmal fluid (the cisternae) and rapid, fatal hemor- 
rhage IS almost inevitable 

The gieat deterrent to operative intervention m subarachnoid hemorrhage 
IS the inability to localize the aneurysm by S3miptoms or signs At times, 
there are prodromal manifestations but all too fiequently the patient passes 
quickl}'’ into coma and then, all too frequently, there are no objective localiz- 
ing signs 

* Read before the American Surgical Association White Sulphur Springs, W Va , 
April 28, 29, 30, 1941 
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If it weie even i^ossible to localize the side (right oi left) of the aneu- 
lysm, the opeiative exposuie would be adequate to disclose the aiieur}sm, if 
it were located on the circle of Wilhs This is a hope for the future, for u]) 
to the present time the only aneuiysms that have been operated upon success- 
fully are those causing a third neive palsy oi paralysis — a sign that is almost 


but not quite pathognomonic of 
an aneurysm and its location 
In a search for better and 
eailiei means of diagnosis of 
aneurysms and their location, I 
have analyzed 103 cases that have 
appeared m the records of the 
Johns Hopkins Hospital In a 
veiy high percentage of cases, no 
help was elicited, but in many of 
them there was adequate mfoi- 
mation to determine the side of 
the lesion In nearly all of the 
aneurysms of the middle cerebral 
aitery theie was hemiplegia, but 
it is highly impiobable that more 
than an occasional aneuiysm of 
this vessel can ever be cured 
without a permanent hemiplegia, 
and tieatment of this charactei 
would not be considered On the 
othei hand, some aneurysms of 
the anterior cerebial artery give 
a partial hemiplegia 01 Babmski, 
and these are amenable to treat- 
ment, although none have as yet 
been cuied Bilateral cerebellai 
and biam-stem signs of sudden 
onset may also indicate aneu- 
1 ysms of the basilar and vei tebral 
aiteries, but here again there are 
little piospects of a cure by sui- 



FiC I — Diagrammatic drawing illustrating the 
method of curing carotid aneurjsms arising within the 
caiotid canal A clip is placed on the internal carotid 
artery intracraniallj, and the internal carotid artcr> is 
ligated in the neck This traps the aneurjsm between 
the two ligatures, and the onlj sireable branih between 
the ligature is the ophthalmic arterj Vision is not lo=t 
as the result of the ligation 


gical means, at least none have yet been successfully treated It is the silent 
diieunsins, with few or no signs or symptoms arising from the internal carotid 
arteries and the circle of Willis, that ofter the maximum from prompt surgical 
ti eatment 

The onty symptom that is useful in detecting the side of the aneurysm is 
an unilateral headache, or pain in one eye This may or ma} not be present, 
either as a prodromal symptom before rupture, or as an exciuciatmg pain at 
the time of rupture, and even occasional!}' it may be misleading A positne 
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Babmski sign may at times betray the side of the lesion , but by far the most 
important sign of all is weakness of a third nerve 

Inti a-arterial injections of thoiotiast have for some time been used to 
define aneurysms and with remarkable results Against its use is the risk 
of cerebral emboli, the frequent necessity of injecting both internal carotid 
aiteries, since only one side fills well with one injection, and in the acute 
stage of bleeding the patient is much too ill For patients who are not m 
the acute stage of subarachnoid bleeding, it will doubtless be a distinct asset. 



Fig 2 — Diagrimmatic draw ing illustrating 
the method of treating iiitncranial aneurysms aris 
mg from the internal carotid artery before the 
first branch is given off The nech of the an 
eurvsm may be clipped and nothing done to the 
internal carotid or the internal carotid may be 
clipped on either side of the neck of the aneurism, 
thus isolating it The aneurysm is then shrunk by 
the electrocautery in order to remove its contact 
with the third nerve or it may actually be re 
moved tins was done in one case 


but should be employed with caution 
and discrimination 

Thirteen intracranial aneurysms 
of the internal carotid artery have 
been opei ated upon , all have been 
diagnosed and localized by a third 
nerve palsy or paralysis, plus sharp, 
severe, sudden pains in the eye and 
the corresponding side of the head 
Six of these aiose m the carotid 
canal and broke througli into the 
cianial chamber alongside the in- 
ternal caiotid artery Five of these 
are cured, the longest for foui and 
one-half yeais The single death 
was due to a rupture of the carotid 
artery in applying to a very large 
aitenosclerotic vessel a silver clip 
that was too small This was a case 
of an arteriovenous aneurysm (pul- 
sating exophthalmos) The arterial 
aneurjsm which had ruptuied and 
caused this ai teriovenous fistula was 
found at necropsy Seven aiose 
fiom the internal carotid artery 
intracranially, befoie the anterior 
ceiebial artery is giren off Five of 
these are cuied and U\o have died 
Two of the five cures were ob- 
tained by placing a silver clip on 
the neck of the aneuiysm, leaving 
the carotid artery intact The re- 


maining three cures weie obtained by clipping or coagulating with the cautery 
the internal carotid artery on both sides of the aneurysm The two deaths 


wei e due to ( i ) an abnormally placed posterior communicating ai tery, which 
was between the two clips and pi evented collateral ciiculation, and (2) to 


subsequent luptuie of the electrically coagulated internal carotid artery This 
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occurred one month postoperative, after the patient had returned home, and 
was presumably cuied Ligation of the inteinal carotid artery m the neck 
would have prevented this death 

The moitahty m this series is, therefoie, 23 per cent — the cures 77 per 
cent 

Discussion —Dr Francis C Grant (Philadelphia, Pa) This question of 
aneurjsms and their treatment is a matter of considerable interest because I think we 
may find that a good many of the cases that we see which have been classified as 
subarachnoid hemorrhage are going to turn out to be aneurysms, and may offer post- 
operative treatment 

The case that Doctor Dandy referred to, that was operated upon by him, m which 
the diagnosis of aneur3sm was made by the use of thorotrast, has, m our instance at 
least, opened a good many possibilities We have had two similar cases since, in which 
the thorotrast has been used and the aneurysm identified, and we are hoping to have the 
opportunity to operate upon those particular cases 

Our experience with aneurysm has not been as fortunate, so far as the operative 
procedure is concerned, as Doctor Dandy’s has been 

During the last ten j^ears, we have had 14 cases of aneurysm that have gone through 
the clinic and been identified, nine of them clinically and five pathologically The five 
pathologic cases have been found in a series of, roughly, 1,100 verified brain tumors, 
so I presume the percentage of aneurysm to all other cases is about one-half of i per cent 
The cases that are considered as having been verified clinically are cases similar to the 
ones to which Doctor Dandy referred, where there has been a paralysis of the various 
optical nerves, usually with hemiplegia , and on the history , and, at times, by roentgeno- 
logic and other evidence, the case has been suggestive of aneurysm, but unfortunately 
we have not, as I say, realized the operative possibilities m those cases which have 
been sent home 

The type of case that we have seen most commonly is similar to one that we had 
two years ago, with aneurysm of the basilar artery, a presumptive diagnosis was made 
of a cerebellar lesion The patient died rather suddenly, after the administration of an 
enema This lesion was found 

The other kind has been of the type where there has been a large intracerebral 
aneurysm , the possibilities as far as operation is concerned m those cases, of course, being 
\er}" limited But I am quite sure that most of these cases of subarachnoid hemorrhage — 
certainly those that show" clinical and pathologic evidence of the involvement of the 
ocular nerves, particularly the third — should be subjected to thorotrast injection With 
the injection of thorotrast, one maj verj" w'ell find the position of the aneurj'sm As 
Doctor Dand\ has said, if it lies on the circle of Wilhs, very little can be done, but if 
It lies along the carotid, certainly, exposure is warranted and an attempt can be made 
cither to trap the aneurjsm betw^een the silver clips, as he suggested, or to put a silver clip 
on the neck of the aneurysmal sac itself , and by that means I see no particular reason 
w'hy a good many of these cases should not be cured Of course, it is not quite as eas\ 
an operative procedure as one might gather from Doctor Dandy’s description, but, never- 
theless, It IS an operative procedure which, to mj" mind at least, is entirely justified, 
because if nothing is done these aneurysms w’lll go on to rupture, w'lth ultimate death of 
the patient 

Dr Gilbert Horrax (Boston, Mass ) This is a most important communication of 
Doctor Dandj s, and I am sure it interests all of us, but particularlj" the neurosurgeons 
It has opened up a line of treatment for certain types of intracranial aneurjsms, w'hich 
I am sure w'e must all follow in the future 

We have not been fortunate enough to identifj' an aneurjsm mtracraniallj" which W'C 
could clip or trap in the w"ay Doctor Dandj" has described However, we have had six 
examples of intracranial aneurj"sms which we have exposed at operation and hav'e 
treated m another waj, a way which has been described bj’ Mr Jefferson, of Manchester, 
England, and by Mr Dott, of Edinburgh This method consists in packing pieces of 
muscle around the aneurj"sm and thus hope at least to prevent anj further rupture These 
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patients have all survived and are alive anywhere up to five or six years at the present 
time 

One aneurysm, upon which we have not opeiated, was demonstrated by thorotrast, 
and one was identified but nothing w'as done to it since nothing could be accomplished, 
except to divide the ninth nerve, because of the pain the patient was having 

It seems to me we must be a little conservative about the attitude we take in regard 
to operation upon aneurysms, as there have been a large number of patients passing 
through the clinic w'ho have had the diagnosis of intracranial aneurysm made, because 
of third nerve palsy and pain over the eye of the same side Whether they are aneurysms 
or not, we do not know because we have not subjected them all to thorotrast In fact, 
we have only, m two instances, demonstrated the presence of aneurysm by thorotrast 
The other cases have not, as a rule, shown anything roentgenologicalh from w'hich a 
positive diagnosis could be made, so the aneurysm diagnoses have been made on symp- 
tomatology and signs, but a large number of cases with one rupture have recovered and 
gone on for many years in perfectly good health Thus, it seems to me there is a chance 
for a good many of these aneurysms to take care of themselves, if they have only a 
single rupture, because verv possibly w'hen there has been subarachnoid bleeding around 
them a clot is formed, and, because of the organization of that clot, I believe some of 
the aneurysms permanently cure themselves 

It IS a most interesting and valuable paper I think we should be on the watch for 
those aneurysms which we can cure in this way by ligation But if the aneurj'sm, as 
presented at operation, does not offer a chance of putting a silver clip on it, this method 
of putting the muscle around it, I think, is an excellent one 
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Part II 

Radiation heatment of the Pumaiy Lesion — Superficial cancers of the 
hp (1-5 Mm m thickness), whether small or covering an area of several 
sqiiaie centimeters, are preferably treated by radiation, in our opinion, not 
because of a liighei cure rate but because of the superiority of the cosmetic 
results Foi lesions of greater thickness, the choice of radiation 01 surgery 
is somewhat optional and depends upon the available equipment and the 
skill and experience of the surgeon in the use of one 01 the other of these 
methods 

Foi early growths, which have not progressed much farther than kera- 
toses, unfilteied radon is an excellent method At Memoiial Hospital such 
radiation is obtained by the so-called “radon bulb” which consists of a thin 
glass bulb about 5 Mm in diametei containing 200-500 me of radon seeds 
which IS held in contact with the lesion by a special holdei for a few seconds 
or minutes, depending on the desired dose Theie is no filter except the 
thin wall of the glass bulb With doses of from 400 to 1,000 me minutes 
(depending on the extent of the lesion), these small giowths can be con- 
trolled with a minimum of discomfort and with a nearly perfect cosmetic 
result This method should not be employed m lesions of greater depth 
than about i Min In many of these early growths a biopsy is not justified, 
and if no histologic proof of cancel is obtained, the cases cannot be included 
in a statistical report of cures of cancel of the hp — an objection of academic 
rather than of practical importance 

For supeificial lesions, more advanced than the above but whose thickness 
IS not greater than 2-3 Mm , there are several effective radiation methods, 
namely, (i) low voltage (i 00-140 K V ) lightly filteied loentgen radiation, 
(2) contact application of filtered radon tubes held 111 dental compound 
moulages , (3) interstitial radiation in the form of gold radon seeds, radon, 
or radium needles Although all of these methods employed singly are 
efficacious, the best cosmetic results are undoubtedly obtained by low voltage 
roentgen radiation supplemented in some instances of thickei lesions by the 
implantation of small doses of interstitial radon 

In using low voltage roentgen radiation, the surface of the tumor in the 
hp (including an apparently healthy margin of 3-5 Mm ) is exposed through 
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an opening in a shield of lead foil applied to the hp (Fig 6) Individually 
fitted shields should be made for each case, and the lesion itself so positioned 
that the suiface of the tumor may be exposed as nearly as possible at an 
angle of 90° to the incident beam If the giowth tends to extend on to the 
inner surface, a moulage ot dental compound in the lower gingivolabial gutter 
may be used to evert the hp, so as to expose the entire growth The dosage 
must vaiy considei ably, depending on the diametei of the aiea exposed and 
the quality of the loentgen radiation, as determined by the voltage and the 




Fig 6 — The treatmeit of cancer of the lip by low \oltage roentgen radiation (A) A special 
shield of lead foil is used with an aperture which is large enough to expose the tumor and a margin 
of 3-s Mm (B) The cone which limits the beam of tbe roentgen rajs is then carefullj centered o\er this 
aperture 

filter It has been found, in our clinic, that in such superficial roentgeno- 
therapy, the necessary dosage as expiessed m r may be made to vary more 
than 100 per cent by changing one or more factors as, for instance, by drop- 
ping the voltage from 140 to 100 K V, by varying the filter from 1-3 Mm 
Al, or by dividing the treatment into fiactions over a period of five to 15 
days instead of giving the entire exposure at one sitting Since there are 
so many variable factors, it is difficult to give complete or specific dose rec- 
ommendations for this type of therapy In general, for areas about i cm 
in diameter, the required dosage ranges from 9,000-15,000 r, depending 
upon the exact physical factors of the roentgen ray machine, and whether 
the iriadiation is administered all at one time or m fractions over longer 
periods (five to 15 days) In lesions of 4-5 Mm thickness, the advisability 
of supplementary irradiation by a small dose of radon seeds inserted under 
the base of the growth should always be considered The individual strengths 
of the radon seeds for such supplementary treatment should not exceed i— i 5 
me each Not more than two or three seeds should be used in the average 
case, and they should alwa)'^s be placed at a depth of at least 5 Mm below 
the surface of the vermilion border so as to minimize the danger of surface 
necrosis 
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Contact iriadiation by filteied radon tubes is also an excellent method, 
although it has the disadvantage of pioducing more late radiation sclerosis 
and atrophy than soft roentgen radiation In recent years, this method has 




Fig 


Fig 7 B 

y ^ B Dent'll compound moulage to hold filtered r'ldon in cont ict 
with lower lip for treatment of superficial lesions 
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been replaced almost entiiely at the Memoiial Hospital by low voltage roent- 
gen radiation foi lip cancer In the technic of contact iriadiation devised 
by Janeway, the filteied radon tubes are held in contact with the lower 
hp in a inoulage of dental compound (Fig 7 A) which is made as follows 
About one and one-half squares of oidinau' dental modeling compound are 
heated to a soft plastic consistency and molded about the lowei hp Some 
of the compound is foiced down into the gingivolabial guttei and also be- 
tween the teeth, in such a mannei as to hold the hp, the giowth, and the 
radiating souices away fiom the lower alveolar iidge The patient is in- 
structed to bite into, but not tlu oiigh, the portion of the compound w'hich 
has been forced betw^een the teeth While the compound is still w^arm and 
plastic, it IS carefully molded about the hp and the grow'th so as to cause a 
minimum distoition of these parts (Fig 7 B) If the patient is seated in 
fiont of a w^ash bowl and a lubber tube is connected with the cold w^atei 
faucet, the moulage may be rapidly cooled and haidened befoie lemoval 

The moulage, when removed, should piesent an accuiate impression of 
the low^ei hp and a visible impiint of the lesion Theie should be a iidge 
of the compound 6-7 Mm thick betw'een the innei surface of the hp and 
the alveolar ridge, and, also, the undistoited impimts of the teeth so that 
the apphcatoi can be leplaced exactlj in its oiiginal position If the patient 
wears dental plates, these are left m place wdien the impi ession is taken The 
plates will come out embedded m the mold wdien the lattei is lemoved and 
will serve, as w'ell as the natuial teeth, to hold the apphcatoi in its coirect 
position 

When the moulage is lemoved, the poition wdiich repiesents the low'ei 
hp should show a definite impiint of the lesion Holding the moulage nexi 
to the patient’s hp, and guided by inspection of the giowth, an outline is 
scratched (or othenvise niaiked) so as to encncle the impiint of the lesion 
by a margin of at least 5-6 Mm The apphcatoi is then 1 eady foi the place- 
ment of the ladon tubes The platinum ladon tubes, as used 111 oui clinic, 
aie I 6 cm m length with a wall thickness of o 5 Mm of platinum, and the> 
contain glass tubes of radon Their individual stiengths may var}'^ from 
25 to 75 me each If a number of short ladiuni element needles aie avail- 
able, they may be substituted foi the radon tubes just described With a hot 
metal die of the same size as the ladon tubes, grooves are made wnthiii the 
outlined area so that the tubes, when placed, will he fiom 4-6 him apait 
and about 1-2 Mni below the surface of the mold Their position is so ai- 
ranged that they aie distiibuted as evenly as possible over the suiface of 
the lesion to pioduce a maximum of cioss-firing The tubes aie sealed in 
place by melted paiaffin The area to be irradiated (that inscribed by the 
scratch mark surrounding the lesion) is then calculated in square centimeters 

The apphcatoi is now' ready foi use It is caiefully replaced exactly in 
the position in w'hich it w'as made, caie being taken that the teeth 01 gums 
fit accurately into their oiiginal positions The patient is instiucted to force 
his low'er hp up firmly into the gioove into contact with the radon tubes 
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In order to piotect the uppei lip from unnecessary radiation, a small piece 
of lead may be placed between it and the upper surface of the moulage, or 
a roll of gauze will hold the uppei lip away and protect it by distance 

The dosage is calculated m millicurie hours pei squaie centimeter of area 
treated, and it should be emphasized at this point that the figures given below 
are correct only foi the filter specified, that is o 5 Mm of platinum If the 
area is small (up to about 3 sq cm ), a dose of about 85-90 me his per 
sq cm IS given The minimum total dose evei given with this applicator 
should be at least 240 me his ivith three tubes Moderately thicker lesions 
should receive higher doses pei squaie centimeter If the area to be treated 
IS 5-6 sq cm or more, the dose should be decreased to 70-80 me hrs per 
sq cm (350-500 me his total), because of the cioss-firing from the several 
tubes In any case, it is best to err model ately on the side of heavy rather 
than light dosage, since delayed healing is prefeiable to lecurrence As with 
unfiltered loentgen ladiation, lesions over 4-5 Mm in thickness should, ordi- 
nal ily, have supplemental y inteistitial radon in the form of one or more 
weak gold seeds implanted undei the base of the lesion The inteistitial use 
of radon seeds 01 ladium needles alone, as advocated by some authors, is 
not suitable foi lip cancer because of the high incidence of 1 adioneci osis if 
the doses are adequate 

Operation may be lefused in ceitam cases of bulky tumors of the lip 
which, as a geneial lule, aie best treated by suigery If the patient will not 
submit to suigei}^ lachation is the only othei possible method of tieatment, 
and adequate dosage necessitates the use of inteistitial iiiadiation with seeds 
or needles at least as a supplement to external iriadiation The dosage in 
such cases must be calculated in the same mannei as for bulky tumors else- 
where, with a tissue dose of 8-10 S E D (skin erythema doses) given into 
the tumor The method of calculating tissue doses ot radon seeds for tumors 
of various sizes is given m Table II Although the tieatment of these bulky 
lesions of the lip with massive doses of interstitial ladiation in the form of 
seeds or needles is invaiiably complicated by a lather long period of healing, 
excellent lesults are often obtained 

Swgical Tieatment of the Piwiaiy Lesion — Although from the cosmetic 
standpoint ladiation methods are almost always superior to surgical excision 
for small lesions of the lip, it must be admitted that the wedge-shaped ex- 
cision for small tumoi s will offer an equally good chance of cure pi oznded 
that a safe maigin is allozued Except in the determination of this safe 
margin (5-/ Mm ), these operations are not difficult, and in some surgical 
clinics are performed in the Out-Patient Depaitment No particular descrip- 
tion of technic will be attempted m this report except to state that the careful 
approximation by sutures of both the skin and mucous membrane edges is 
essential for the best cosmetic results 

Cheiloplasty — ^In the more advanced, deeply infiltrating and eroding 
lesions 2 cm or more in diameter (which make up ovei one-third of our total 
group), suigical excision and plastic closure is undoubtedly the preferable 
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method In such cases, the simple V-shaped excision is usually inadequate 
To be safe, the margin of the excision in these lesions must be wider (i cm 
or moie) than in eaily cases, the opeiative defects aie, therefore, rather ex- 
tensive, and the closure complicated The details of the technic of plastic 
repair of these operative defects aie of considerable importance m obtaining 
the best cosmetic and functional results 

These advanced lesions are often 5-6 cm m diametei, or even larger, 
and may invade the entire vertical diametei of the hp and extend into the 
skin and subcutaneous tissue over the chin or laterally past the labial com- 
missures into the substance of the cheeks 01 upper lip In other cases, the 
growths may fungate from the suiface so as to form bulky tumors without 
much infiltration, of such weight as to produce maiked ectropion of the lower 
lip These bulky noninfiltrating and fungating tumors aie usually not of the 
most malignant variety and are commonly found without evidence of cervical 
metastases even after two to three years’ duiation Fiom the standpoint 
of cure, the large size of a lesion is less important than the presence of 
metastases or invasion by the piimary lesion of the gingivolabial gutters and 
jaws Provided that the pi unary growth can be removed with a safe margin 
of noimal tissue, even the largest defects can be lepaired by some form of 
plastic piocedure, either piimaiy 01 delayed Even though the opeiative 
defect may be difficult to close, theie should be no compiomise to the removal 
of a safely wide margin of noiinal tissue 

Theie is piobably no single type of opeiation for which more allegedly 
different technics have been described As far back as 1859, von Bruns®^ 
had reviewed the literatuie, and classified 32 operations by 52 authois, and 
several times that number have been subsequently publisbed Most of these 
are meiely repetitions of the older technics with slight modifications, although 
the later authors often claim credit for then invention Fiom the standpoint 
of pure mechanics, a study of this material will reveal that many of the 
technics are highly impractical 01 unnecessarily complicated We believe 
that the whole subject can be 1 educed to a few essential principles which per- 
mit of an almost infinite number of modifications, these principles are 
(a) The use of sliding lateral cheek flaps based upon the principles of 
Burow®^ and Bernard®, (b) pedicle flaps brought down from the upper (or 
opposite) lip (Estlander^®) , and (c) tubed pedicle-flaps brought from the 
neck or anterior chest wall, as introduced by Filatoff The detailed basic 
technic for such operations has already been published by one of us®" 
A number of the most useful procedures for this puipose are shown diagram- 
matically m Figures 8 and 9 As previously mentioned,^® the pos- 

sible variations are almost infinite m number, and it is peifectty natural that 
the individual surgeon should introduce his own, provided that he makes 
no undue claims to originality 

The most satisfactory anesthetic for these operations is conduction anes- 
thesia by novocain injection of the third divisions of the fifth cranial and of 
both infra-orbital nerves Foi the incisions which extend below the lower 
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Recons+ruc+ion of lower lip after the excision of a 
fairly large, centrally situated carcinoma 





Estlander's flap for reconstruction 
of one-half of the lower lip 




Double Estlanders flaps, combined 
with the technique of method A, for 
the closure of extensive defects 
of the lower lip 


Tic S — Useful basic methods for cheiloplastj 



Fig 9 Variations in technic for the closure of large Up and cheek defects b\ the u'e of 

migrating tubed pedicle flaps 
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borders of the mandible, local infiltration must be added By using con- 
duction anesthesia, one eliminates most of the postoperative complications 
of a general anesthetic, and the patient is able to expel blood or clots from 
the oral cavity, theieby avoiding their aspiration into the trachea Under a 
local anesthetic, the patient is also able to follow directions and to open or 
close the mouth, as necessitated by the various steps of the procedure 

In our experience, the plastic i econstruction of all or a pait of a new 
lower hp is alw^ays best accomplished by the use of full-thickness flaps of 
the cheeks or of the upper hp, except in those cases where the defect is so 
extensive, by leason of lemoval of a portion of the cheek as-ivell, that a 
tiansplant lined by a thick split oi a Wolfe graft and nourished by a tubed- 
pedicle is constructed fioin the skin and subcutaneous tissue of the anterior 
chest ivall oi neck (Fig 9) Opeiations utilizing unlined flaps of skin and 
subcutaneous tissue brought up from the neck 01 doivn fiom the scalp are 
of little practical value, since the law surface within the mouth must heal 
by seal ring and contiacture, so distoitmg and shi inking the transplant as to 
result m both functional and cosmetic failuie 

The most suitable souice of tissue foi the closuie of loivei hp defects is a 
lateral cheek flap from each side, which should be mobilized and drawn for- 
ward as fai as possible, the closure being completed if necessary by flaps from 
the upper hp In elderly subjects, the tissues of the cheeks will usually be 
found loose and relaxed, so that lateial cheek flaps may be advanced to close a 
defect 6-7 cm in its lateral diametei These flaps should ahvays be drawn 
fonvard in a hoiizontal plane wdnch is possible only if then low^er edges are 
outlined by incisions made almost dnectly backward in the sagittal plane from 
the low'd edge of the mandible into the submaxillary legions' (Fig 8) 

Foi model ate-sized lesions, Daland^® foims lathei naiiow' cheek flaps by 
lateral incisions placed w'ell above the point of the chin, leaving an unneces- 
sarj' amount of scan mg in a piominently exposed position In any case, 
such technic is suitable only to moderate-sized lesions, which could probably 
be more satisfactorily tieated by ladiation 01 by simple V-shaped excision 
In larger lesions, if the low'd boideis of the lateial cheek flaps are formed 
by incisions running veiticall) dow'iiward into the submaxillary legions, even 
the defects left aftei excising the laiger giowths may be closed with only 
one prominently visible scai running downw'aid fiom the vermilion border 
in the midline ovei the point of the chin, the remaining poitions of the scar 
being lather inconspicuous below the edge of the mandible m the submental 
and submaxillar} legions 

Anothei point in the forming ot wide lateial cheek flaps, as illustrated 

Manj text-books show the lower edge of such flaps outlined by incisions parallel 
to the lower border of the mandible, which is inclined obliqueh upward and back Flaps 
so outlined will be formed on the bias, so that they must be pulled not only obliquelj 
forward but also doivmvaid m order to meet in the midline over the chin This oblique 
tension will cause the newh formed lower lip to be pulled upward where it will eventually 
come to he unnaturallj under the upper lip 
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m Figuie 8 A, is to detach the soft tissues from the outer surfaces of the 
mandibles by sharp dissection and fuither postenoily by subpei losteal dis- 
section, freeing the masseter muscles from their attachments if necessaiy, 
preserving the integrity of the facial arteries Within the mouth, the cheek 
flaps are mobilized by incisions in the lower gingivobuccal gutters which, if 
required, may extend posteriorly upward along the anterior edges of the 
ascending lami of the jaws If lateral cheek flaps do not provide sufficient 
tissue for the complete closure of the defect, a satisfactory source of addi- 
tional tissue IS one Estlander flap (or sometimes two) from the upper hp 
(Fig 8 B-C) The pedicle of such a flap may be cut down to a very narrow 
diameter (5 Mm ) provided that one preserves, intact, the superior labial 
(superior coionary) arteiy which runs very neai the veimihon bolder The 
fold of the pedicle then foims the new commissme of the mouth Occa- 
sionally, in the excision of a moderate-sized lesion neai the commissure, the 
defect may be completely closed by the use of one Estlandei flap alone with- 
out mobilization of lateial cheek flaps 

If the defect is closed entiiely by lateial cheek flaps, it will usually be 
found that the new lowet hp is shortei than the uppei lip, resulting m a 
“fish-mouth” deformity This defoimity may be oveicome by excising 
Bernard® triangles fioni the cheeks and upper lip lateral to the commissure, 
as illustrated in Figme 8 A The mucous membrane of these tiiangles is 
left attached at the base and sutuied forwaid so as to foim a part of the 
new vermilion bolder This modification (Beinaid) selves to set the labial 
commissuies lateially and overcomes the ledundancy of the upper hp while 
increasing the length of the lower The tissues of the lips and cheeks 
possess a remarkable degree of elasticity and flexibility, and, therefore, the 
edges of the defect and the flaps may be molded and adjusted to an extent 
not possible in most other portions of the anatomy Furthermore, the 
circulation of the tissues m this legion is such that AMth a reasonable degree 
of caie the nutrition of the flaps need cause no concern 

During the mobilization of extensive flaps fiom both sides, a large 
operative AAound rvill necessarily be exposed to contamination and infection 
from oral secretions Much of the contamination can be avoided if, in 
sponging the wound, care be taken that the oral secretions aie not rubbed 
into the exposed raw surface Constant suction should be maintained by an 
assistant so as to remove the saliva before it can run over on to the -wound 
As soon as the mucous membrane closure has been completed, the operative 
field should be repeatedly washed and irrigated A\ith Dakin’s solution while 
the external wound is being closed 

In suturing the edges, accuiate approximation of both the skin and the 
mucous membiane is of utmost importance This is particular!} true of all 
suture lines Aiithin the mouth Either the so-called dermal sutuies or silk 
in two layers, one to the mucous membrane and one to the skin, makes a 
satisfactory closuie The mucous membrane closure is begun posteriorly in 
the gingivobuccal gutters, the first stitch being placed entirely on the gingival 
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side at the posteiioi limit of the incision Subsequent sutures are placed 
about o 5 cm moi e antei lorly on the gingival than on the buccal side, and 
as each is tied, the mucosa is stretched more and more anteriorly so that 
eventually the tip of the flap will reach the midline With reasonable care 
in suturing, the foiward tension holds these flaps m such close approximation 
to the mandible that healing is usually by primary union If the external 
wound edges can be drawn together fiimly, there is seldom need for addi- 
tional tension sutures even though the tissues appear to be very tightly 
stretched, since, after 24 houis, the flaps, which at first appeared to be under 
great tension, will have adjusted themselves so that there is no danger of 
separation Healing of the skin should take place by piimary union, so that 
the skin sutuies can be lemoved a few at a time on the third, fourth, and 
fifth postoperative days Those on the mucous surface may be left for a 
week or longei until the wound has healed fiimly enough to permit wide 
opening of the mouth Although the flaps may be very firmly applied to the 
outer sui face of the mandible, some dead space usually pei sists in the wound 
m the submental and submaxillaiy regions Adequate drainage by rubber 
tubes should be piovided foi irrigation by Dakin’s solution for the first two 
or three days 

Wide excision with delayed closure may be indicated in certain cases Long- 
standing cancel of the hp sometimes appears to be incapable of metastasizing, 
so that despite the lathei discouraging appearance of a bulky, infected, 
widespread growth of the hp, there is no palpable evidence of ceivical metas- 
tasis, which IS the deciding factor 111 the selection of treatment m these cases 
It IS often found that such bulky lesions are movable over the mandible and 
that the involved portions of the hp and cheek may be completely removed 
resulting in a large defect which may have to be left for delayed closure 

When no immediate closure of the defect is contemplated, the removal 
of a bulky infected hp cancer is usually best accomplished by a thin-bladed, 
actual cautery under geneial anesthesia The red-hot cautery blade should 
be moved rapidly so as to control the capillary oozing without too much 
charring of the wound edges Healing of the borders is hastened if the 
skin and mucous membrane edges are loosely approximated by intenupted 
sutures After the border has healed, conti action lesults in a marked deciease 
in the size of the defect (Fig 9), so that the later closuie is facilitated The 
most suitable form of plastic repair in such a case is a tubed pedicle-flap 
from the skin of the anterior chest wall or neck If such a tube is taken 
from the neck, the necessity for at least one shift is obviated, but the 
cosmetic result is better if the entire tube is constructed from the chest wall, 
thereby eliminating all scarring of the neck If its diameter is generous, 
such a tube, without any specially prepared transplant at its end, may be 
used alone to close fairly large defects (Fig 10) In such instances, the 
tube is doubled or folded upon itself one or more times, in stages, across 
the defect In other cases, at one end of a pedicle-tube a transplant can be 
raised from the chest wall and its inner surface lined with a thick split or 
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full-thickness graft from the thigh oi inner surface of the uppei aim A 
tiansplant so prepared may be 6-7 cm in diametei, and is indicated particu- 
laily when the defect involves the cheek The possible variations m the form 
of such pedicle-flaps and 111 the detailed technics are almost infinite We have 



Fig 10 — Alternate method for closure of large lip and check 
defects using a folded tubed pedicle without a speciallj prepared 
transplant 


successfully tieated advanced, complicated hp cancel m this manner, m the 
presence of fixed inoperable submaxillaiy nodes, the latter being treated by 
a combination of fractionated roentgen radiation and radon seeds 

Occasionally, one may be justified in combining a limited dissection of 
the submental and one submaxillary triangle with a plastic operation of not 
too great extent It is impractical and unsafe, however, to attempt an 
extensive or complete neck dissection at the same time as these large cheilo- 
plasties Neck dissection is unsuitable even following the healing of these 
cheiloplasties, since theie is usually considerable scarring in the uppei neck 
following the operation upon the lip These large cheiloplasties find then 
greatest field of usefulness m cases of bulky primary lesions without cervical 
metastases 

Geneial Pt maples m the Tieatment of Metastases f)om Cancel of the 
Lip — In any form of mtra-oral cancer, the treatment of cervical metastasis 
IS best considered as a problem entiiely seperate from that of the primary 
lesion From the practical standpoint, the subject may be considered undei 
two headings (i) The prophylactic treatment, or that which is given in the 
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absence of palpably demonstiable ceivical metastases, and (2) tbe curative 
treatment of clinically positive metastatic nodes It should be realized at 
the outset that the opinions which we expiess heie conceining cervical 
metastasis m lip cancel do not necessaiily apply to ceivical metastatic nodes 
from intra-oral cancer in general Metastases fiom lip cancer are more 
favorable fiom the standpoint of treatment and diffei in many other respects 
from those in cancel of the tongue or of the nasopharynx 

P> opJiylacfic Tieatment fo) Ceivical Metastases — The term prophylaxis 
as used here refers to any tieatment applied to the neck in the absence of 
clinically positive ceivical nodes foi the purpose of preventing the later 
development of metastases To be exact, there is probably no method of 
prophylaxis against metastasis m any foim of cancer except the early and 
successful eiadication of the primary lesion Once metastatic emboli have 
left the primal y lesion and settled in 13'mph nodes, any treatment is curative 
rather than preventive Accoiding to common usage, however, any treatment 
given befoie metastases aie clinically evident, is termed prophylactic At 
the Memorial Hospital it has been the pohc}' foi the last seven j^ears to give 
no prophylactic treatment of any kind to the neck in intra-oral cancer if 
there is no clinical evidence of ceivical metastases The patients are re- 
examined at regular intervals, and only if actual metastases become clinically 
demonstrable is tieatment given, and then with curative intent The sound- 
ness of such a conservative plan of management should be judged on the 
basis of statistical analysis of the clinical behavioi and the end-iesults m a 
series of obseived cases as well as upon a theoretic evaluation of the merits 
of both ladiation and surgeiy as 1 elated to this pioblem 

A survey of the liteiatuie leveals a wide divergence of opinion as to the 
propel methods of tieatment for cervical metastasis Some years ago, 
Pfluger^'* attempted to ascertain the prevailing opinion on this subject He 
sent out questionnaires to lepiesentative suigeons, radiologists and derma- 
tologists, and while the replies are inteiestmg, the perspicacious observer 
will note that the opinions were undoubtedly conditioned by the specialties 
of the men who were questioned , that is, the surgeons, as a group, favored 
neck dissection, and the dermatologists favoied nonsuigical methods Radia- 
tion as a primary treatment was piefeiied by a few radiologists, and prac- 
tically all of the ladiologists advised postoperative radiation As regards 
other published lepoits, few of the opinions expressed are based upon 
statistical analyses of obseived clinical material and the end-results in 
unselected gioups of cases Some nonsuigical radiologists- advise 

prophylactic irradiation 111 the absence of demonstrable metastases Many 
surgeons® advise routine prophylactic neck dissection Some®^- ®- 

beheve that neck dissection alone is of value in the tieatment of actual 
metastases, and there aie those^" -- who, in the face of rapidly accumu- 
lating evidence during the past ten years, sturdily maintain that metastatic 
cervical cancel has nevei been cured by radiation alone It must be admitted 
that many of the old claims foi radiologic cures of metastatic cervical nodes 
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were not well authenticated, since theie was no histologic pi oof of the 
charactei of these nodes In lecent yeais, aspiiation biops}'*" has provided 
a means of obtaining tissue foi histologic examination without surgical 
excision While not all suigeons and pathologists accept the validity of this 
technical pioceduie, such a reactionary attitude is lapidly disappearing At 
the Memoiial Hospital, the accuiacy of aspiiation biopsy has been checked 
by subsequent excision of tumois m seveial thousand cases and, therefore, is 
no longei questioned 

An analysis ot seveial hundied cases of cancel of the hp at the Memoiial 
Hospital has shonn that, despite the size of the pi unary lesion, of those 
patients admitted vithout palpable evidence of ceivical metastasis and m 
\\hom the piimaiy lesion was subsequently cuied, only 8 pei cent developed 
metastases duimg an obseivation peiiod of five years So-called piophylactic 
neck dissections, theiefoie, could not have had even theoietic value m 92 
per cent of these cases, wheieas undei the highei lepoited moitahty lates"^® 
following neck dissection about ii pei cent would have died of postoperative 
complications The proceduie w^ould then have killed a gieatei peicentage 
(ii pei cent) than it could possibly cine (8 pei cent) Even undei the 
low'ei reported mortality lates (3-5 pei cent), the iisk would, obviously, 
still be unjustified since the postopeiatne deaths appioach 50 pei cent of 
the numbei (8 pei cent) wdio could expect to benefit by the pioceduie If 
no prophylactic neck dissections weie pei formed, ovei 90 opeiations would 
be avoided m eveiy 100 cases, and m the 8 pei cent which latei developed 
clinically demonstiable metastases, neck dissection w^ould still give a veiy 
high, if not an equal, individual chance of cuie Undei such consideiations, 
wdiat reasonable pei son, eithei lay 01 medical, wmuld choose to undergo 
prophylactic neck dissection in hp cancel ^ The validity of these figures 
receives striking suppoit fiom the obseivations of Tayloi and Nathanson”'^ 
wdio report that 247 patients wuth hp cancel without “palpable” lymph nodes 
w^ere treated by excision of the piimaiy lesion alone, with no primar}'^ tieat- 
ment to the neck Latei, neck dissection w'as cairied out in 25 cases because 
of the development of “palpable” nodes and the nodes pioved to be histo- 
logically positive in 20 of these (8 pei cent of the total group) Richards'^^ 
reports an even lower occurience of subsequent metastases in cases wnthout 
“palpable” lymph nodes on admission (three out of 244. about i pei cent) 

Even the ardent proponents of prophylactic neck dissection, apparently, 
do not piactice it as routine, but modify the rigid theoretic indications by 
the somew'hat arbitrary grouping of cases accoiding to the size of the primarj 
lesion 01 the “palpabilit) ” of cervical nodes In any case, the percentage 
of histologically positive nodes in routine neck dissections is small Kennedy"'" 
reports a collected series of 193 neck dissections in which 46 (24 per cent) 
were histologically positive Figi,-" in 549 pi opliylactic opeiations, found 
metastatic nodes m only 91 (165 pei cent) In the latter senes the philo- 
sophically minded readei will be impressed by the w^aste of time and effoit 
m the 458 cases in wdnch the nodes were found to be negative for cancer 
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He IS bound to doubt whether the practice of neck dissection based upon 
such indications is reasonable, and to wonder whether oi not more could have 
been accomplished m these cases, if an equal amount of time and money had 
been spent m treating cancer only where it was demonstrably present, and 
m palliating the suffering of other incurable cancer patients 

The contention of some surgeons that prophylactic neck dissections should 
be performed because of the impossibility of adequate follow-up is, in our 
opinion, a confession of indolence or of lack of organization It must be 
admitted that, even after repeated efforts, not all cancer patients can be 
persuaded to return for systematic observation, but if the patient with hp 
cancer is negligent in this regard, the risk of recurrence is not entirely 
overcome by such pi ophylactic treatment, since the disease may recur m the 
neck even after neck dissection or in the hp itself At the Memorial Hospital, 
only a small number of hp cases are lost to follow-up during the first two 
or three years, when the dangei is greatest Even up to five years the 
number of those traced reaches 95 per cent 

In the case of radiation, prophylactic treatment to the neck as ordinarily 
given does not carry with it any mortality, but if it cannot be demonstrated 
that such prophylactic irradiation is beneficial, then it must be conceded, at 
least, that it is wasteful from the economic standpoint even though otherwise 
harmless As ordinarily advised and given, prophylactic irradiation in hp 
cancer consists of one to two SED (skin eiythema doses) to both sides 
of the neck Bergendal^ administers only 2/3 SED Since such small 
dosage has never been observed — or at least reported — to sterilize a proven 
focus of epidermoid carcinoma, why should it be assumed capable of steril- 
izing an impalpable focus of cancer (the actual existence of which cannot 
be proved) simply because the patient survives and does not subsequently 
develop metastases^ The same basic reasoning may be applied against the 
logic of pre- or postoperative radiation (if used m such doses) In the 
absence of palpable metastases, the administration of cancer lethal doses 
(six to eight SED) for pi ophylactic purposes to the entire lymph node 
bearing area of the neck has the same objections as prophylactic neck dis- 
section, that IS, we believe it to be entirely unjustified both from the stand- 
points of the deleterious local and constitutional effects and of the time and 
expense involved Those who successfully apply ladiation in the treatment 
of proven cervical metastases will readily concede that such treatment is 
unwarranted except when necessitated by demonstrable metastatic cancer 
Choice of Ti eatment Methods fot Clinically Positive Ceivical Metastases 
in Lip Cancel — The selection of the particular form of treatment for metas- 
tases m hp cancer should be based upon the clinical features of a given case 
rather than any partisan preference for one or the other method If the 
surgeon is also a radiologist, he is likely to take a broad view and to recognize 
that either radiation or surgery may possess unique advantages in individual 
cases and that often a combination of the two is superior to either employed 
alone When adequate radiation facilities are at hand, it must be realized 
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that m the treatment of cancer the term “inoperable” is not synonymous with 
“incurable ” 

Radiation therapy does not find so wide an application m ceivical metas- 
tases from hp cancer as it does m metastases from the more anaplastic, 
rapidly growing tumors of the tongue, extrinsic larynx, and nasopharynx 
In lip cancer, the indications for radiation, rather than surgery, are about 
the same as in the general group of cervical nodes and include practically 
all inoperable nodes and those cases m which neck dissection would be 
difficult, dangeious, or of doubtful value because of the age and general 
condition of the patient Adequate radiation therapy of metastatic cervical 
nodes has certain disadvantages, among them the fact that the immediate 
result IS not so definite and that the method is more time-consuming than 
neck dissection Radiation therapy must frequently be supplemented by 
surgery when the bulk or mass of metastatic cancer would necessitate dan- 
gerously large dosage, if treated by radiation alone Among its advantages 
IS the fact that when metastases aie present on admission, radiation therapy 
ina}' be administered without particular risk at the same time and m conjunc- 
tion with irradiation of the primary lesion 

Depending on the individual case, either radiation oi surgeiy may possess 
unique advantages Despite recently published statements to the contiary, 
it must now be admitted that proven cervical metastatic nodes can be cured 
by radiation alone Eaco m certain operable cases we have found this foim 
of treatment supenoi to neck dissection In the present series of lip cancel, 
II cases of histologically proven cervical metastases treated by radiation 
alone have survived five years If the question should arise as to the pei- 
centage of cures obtained by the ladiation treatment of ceivical metastatic 
cancer, we Avish to point out that it would be unfair to compare the end- 
results of radiation Avith those of surgical treatment, since all inoperable, 
recurrent, and advanced metastatic nodes leceive ladiation tieatment for at 
least palliative purposes, whereas only the early and operable cases aie treated 
by neck dissection In the present series, 41 neck dissections w^ere performed 
with one postoperative death (2 4 per cent) The excised tissues were posi- 
tive, histologically, m 35 patients (85 per cent), of wdiom 13 (about 31 per 
cent) survived five years without recurrence 

In the final analysis, it is onl}’’ fair to state that m the majority of cases 
of metastatic lip cancer, the selection of either radiation or surgery is 
optional Neck dissection is probabl}'^ moie expedient when uncomplicated 
operable metastases occur at an interval after control of the pi unary lesion 
When complicated metastases are present on admission, radiation or a com- 
bination of radiation and surger)’- is preferable to neck dissection The general 
condition of the patient is occasionally the detei mining factor m the choice 
of treatment methods 

N^cck Dissection — A detailed description of the technic of neck dissection 
IS beyond the scope of this paper There are several principles of this 
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VxG II — Useful forms of incision for neck dissection (i) For sujiia 
omohyoid dissection (2) For bilateral submaxillary and submental dlS‘^ec 
tion (3 and 4) For wide unihternl dis^section extending to the divide 




Fig 12 — Extent of neck dissection in can 
cer of the lip, pro\ided that metastases are not 
palpable is below the le\el of the carotid bulb 
If the middle or lower deep cervical nodes are 
palpablj enlarged the area of dissection should 
extend to the clavicle 


Fig 13 — For supplementar> irradiation of 
a cervical metastatic node b> gold radon seeds 
accurac> in the placement and distribution is 
favored bj surgical exposure of the outer sur 
face of the node 
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procedure, howevei, which deseive mention Four of the most useful forms 
of incision for neck dissection are shown in Figuie ii 

The anesthesia, in practically all cases, should be local rathei than general, 
since the highei mortality rates almost invariably are reported from those 
clinics where general anesthesia, usually rectal, is employed routinely In 
properly selected cases, the mortality in neck dissection under local anesthesia 
should be practically zero In cancer of the hp, the area of the neck dissec- 
tion may properly be confined to the submaxillary, submental, and uppei 
deep cervical regions abo\e the level of the omohyoid muscle (Fig 12) 
Unless the pi unary lesion involves the inidhne, the submental dissection may 
be limited to one side Bilateial neck dissection at one sitting had best be 
limited to the submaxillaiy and submental regions If the upper deep 
cervical areas are to be included, the pioceduie should be done m two stages 
at an interval of three to foui weeks The superficial and the deep planes 
of the dissection should be, 1 espectively, the inner suiface of the platysma 
muscle and the fascia of the deep muscles of the neck It is best to remove 
the submaxillaiy salivaiy gland, the steinomastoid muscle, and the internal 
jugular vein It is impiactical to attempt to dissect out and pieserve the 
eleventh cranial nerve If theie is palpable involvement of the middle deep 
cervical nodes, the aiea of dissection should extend down to the clavicle 
Radiation Methods foi Ceroical Metastascs in Lip Cancel — One of the 
most useful radiation technics is fractionated roentgen radiation given 
through a small portal diiectly ovei the node and followed by a supplemen- 
tary dose of radon seeds Under such a plan, there is a wide possible 
variation m technic The dosage factois and technic described here refer 
to the employment of the following 200 k v , 0 5-1 o Mm Cu filtei, 35 cm 
T S D , and poi tals 3-5 cm m diainetei The treatment is designed to be 
given to a single node, to a group, or to each of immediately adjacent nodes 
If the nodes are widely separated, it is best to tieat each individually 
Using portals 3-5 cm in diametei (depending on the size of the node), 
the fractionated roentgen radiation is administered m dail)^ or thrice-weekly 
treatments so as to administei 5,000-8,000 1 in approximate!) 18-20 days, 
and immediately upon the completion of this radiation a supplementary 
dose of radon seeds is implanted, so calculated as to deliver six to eight 
SED into the tumor mass (Table II) This plan ma) be modified in the 
larger metastatic masses, 5-6 cm m diameter, by fractionating the doses of 
radon seeds, implanting a lesser amount at weekly intervals during the 
course of fractionated roentgen ladiation The dosage factors under such 
modifications are largely empiric and must be learned b) experience 

Radon seeds alone may be employed without preliminary external radia- 
tion, but the chances of success (especially m the larger masses) are not 
equal to those under the combination plan, since small errors in dosage and 
in the placement of the implants are much more significant than when part 
of the effect is obtained b) external radiation If gold radon seeds alone 
are employed, according to the method de\ eloped In Quick,"*® the dose is 
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calculated according to Table II, and should be larger, approximating ten 
S E D in all cases This method is often more useful and more expedient 
m the smaller nodes (less than i 5 cm m diameter) 


Table II 

MILLICURIES IN GOLD SEEDS REQUIRED TO DELIVER SPECIFIED DOSES TO MASSES OP VARIOUS DIAMETERS 

Diameter of Mass — Centimeters 


Skin Erythema 
Doses 

5 

I 

0 

1 5 

2 0 

2 S 

3 0 

3 S 

4 0 

4 s 

S 0 

6 0 

7 0 

8 0 

I 

0 

2 s 

4 0 

7 5 

Number of Milhcunes 

10 12 14 17 

20 

27 

35 

4 S 

6 

I 

2 

3 0 

4 8 

9 0 

12 

14 

17 

20 

24 

32 

42 

54 

7 

I 

4 

3 S 

S 6 

10 

14 

17 

20 

24 

28 

38 

49 

63 

8 

I 

6 

4 0 

6 4 

12 

16 

19 

23 

27 

32 

43 

56 

72 

9 

I 

S 

4 5 

7 2 

14 

18 

22 

26 


36 

49 

63 

81 

10 

2 

0 

S 0 

8 0 

15 

20 

24 

29 

34 

40 

54 

70 

90 

II 

2 

2 

5 5 

8 8 

17 

22 

26 

32 

37 

44 

59 

77 

99 

12 

2 

4 

6 0 

9 6 

18 

24 

29 

35 

41 

48 

65 

84 

108 


Radon seeds may be implanted thiough skin punctuies, but then accurate 
placement is favored by surgical exposure, under local anesthesia, of the 
outer surface of the node (Fig 13) Previously administered fractionated 
roentgen radiation to the node is no contraindication to surgical exposure, 
even though there is model ate blistering of the skin Provided that the 
tissues are handled gently, healing is quite prompt when the incision is made 
through these blisteied areas 

Combination of Swgeiy and Radiation foi Ceivtcal Nodes — Combina- 
tion methods are indicated particulaily in the case of bulky, fluctuant sup- 
purating metastases which aie attached to the mandible Such a lesion is 
usually inoperable, since its capsule has been perforated and the infected 
tumor has become attached to the periosteum of the mandible or to the deep 
muscle layeis of the neck Combination treatment may be given by applying 
heavy radiation (loentgenotherapy plus radon seeds in doses calculated to 
destroy the growth), following which the condemned mass of tissue, which 
would otherwise slough, is excised surgically, the wound, ordinal ily, being 
left open to granulate and heal by secondaiy intention 

In other instances, the major portion of such a secondaiily infected and 
perforated metastasis may be removed suigically by partial or total neck 
dissection and the infiltrated irremovable portion (often only 1-2 cm in 
diameter) may be tieated by the implantation of radon seeds The detailed 
technic, especially with regaid to radiation dosage m such cases, is too varied 
for detailed description 


COMPLICATIONS 

Since the lip is not a vital structure, it is to be expected that serious 
complications seldom occur either as the result of the primary lesion or of 
Its treatment The most frequent treatment complication (7 per cent) in 
our series was persistent radiation necrosis at the site of the primary lesion 
following the implantation of radon seeds In practically all instances, this 
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difficulty was due to injudicious dosage or incorrect placement of the implants 
In all of these cases, surgical excision of the unhealed area resulted in sub- 
sequent healing In nine cases (2 per cent) where radiation had been 
employed in the treatment of extensive growths of the hp or metastases 
under the edge of the mandible, localized osteomyelitis of the mandible 
developed, necessitating sequestrectomy Such a complication is often un- 
avoidable in the management of inoperable cancel In the piesent series, 
there were seven postopei ative deaths following extensive suigical removal 
of the primary lesion, the causes of death being pneumonia (two cases) , 
lung abscess (two cases) , heart failure (two cases) , and septicemia (one 
case) 

Recitn ence — Some of the apparent recuriences which take place aftei 
either radiation or suigical treatment are actually new cancers arising on 
other parts of the mucous membrane of the hp In this series theie were 
apparent recuriences in 22 cases following iriadiation and two following 
surgical excision (6 per cent), and it has been impossible foi us to determine 
exactly how many of these were actually second primary lesions Of this 
gioup, subsequent tieatment was successful m 16 Three died of other 
causes, and in only five of the 24 was treatment ultimately unsuccessful and 
death due to cancer The elapsed time between treatment of the primal y 
and the appeal ance of the second lesion or recurience langed fiom tivo 
months to seven years, with an average of 32 months 

FOLLOW-UP 

Systematic follow-up of all cases is an integral pait of the management 
of all foims of cancer, so that accuiate information of the patient’s clinical 
progress may be lecorded for a period of at least five years The surgeon 
who undertakes the treatment of a case of cancer places himself under a 
moral responsibility to keep the patient under observation during the period 
in which recurience is likely to take place For piactical purposes, both 
the total peiiod of observation and the intervals between examinations should 
vary with the relative malignancy of the anatomic form of the disease , as 
for instance, patients with cancer of the nasopharynx should be seen at 
shorter intervals than those with cancel of the hp Foi statistical purposes, 
a fiv e-year period of observation is required m all foims of cancer In 
cancer of the hp, the customary intervals between examinations, at the 
Memoiial Hospital, aie indicated in Table III 

From the standpoint of the patient, the ostensible purpose of follo^\-up 
IS the discovery and treatment of recurrences while the disease is still m a 
curable stage Fiom the scientific standpoint, another purpose, equall} 
impoitant, is the accumulation of definite knowledge of the progress of the 
patient and of his actual status at the end of a five-year period, when a final 
accounting of all cases is made It is not sufficient that the ph}sician should 
heheve that the patient is well and free of disease simply because he has 
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heard nothing to the contrary It is necessary to have factual evidence that 
the patient is alive and free from symptoms If the patient has died before 
the end of the five-year period, it is essential to know the actual cause of 
death and whethei there was clinical evidence of disease at the time If he 
is living, it IS essential to know whether he is fiee of disease or suffering 
from recurrent or metastatic cancel Without dependable data m these 
lespects, statistical reports of end-iesults have no value In large series of 
cases theie are, inevitably, some patients who refuse to make return visits 
and aie subsequently lost track of If they have been free of recurrence 


T\BLn III 


INTERVVL BETWEEN EXAMINATIONS* 


After Pnmarj Treatment of Lesion 
During first 6 months 
During second 6 months 
During the second year 
During the third and fourth years 


Frequency of Follow Up Visits 
Every 1-2 mos 
Every 2-3 mos 
Every 3-4 mos 
Every 3-6 mos 


* The shorter periods are to be preferred in all cases but it is often neces 
sary to compromise when the patient lives at a considerable distance because 
of the effort incon\ enience and expense of travel 


foi a yeai oi moie before they disappeai, they may faiily be termed inde- 
terminate cases and subti acted fiom the total, theieby counting neither for 
nor against the end-iesults If they aie lost track of immediately following 
the initial tieatment oi befoie the end of a yeai, they must be counted as 
failuies, whethei or not they weie fiee of disease vhen last seen The 
mvestigatoi who subjects himself to such iigid discipline m calculating end- 
results will be stimulated to renewed effoit m tracing lost patients 

Adequate follow-up is mainly a mattei of organization and persistent 
effort When a patient is discharged following the initial treatment, he 
should be given a definite futuie appointment foi i eexammation If he does 
not return at the designated time, repeated appeals should be made by mail 
and by telephone to the patient himself, to membeis of his family, and to 
the referring ph3^sician If these efforts fail, a peisonal visit by a social 
service workei may induce the patient to letuin, oi at least fuinish positive 
information as to his physical status A single lettei from the patient or a 
relative stating that he is free of disease is of little value but continued 
reports and a final statement, after five yeais, that he is alive and well can be 
considered adequate Befoie making the final calculations on a series of 
patients foi five-yeai end-iesults, renewed attempts should be made to locate 
all untraced patients Formei addresses and telephone numbeis should be 
checked Relatives, fi lends, employers, or the lefeiung physician should be 
questioned If these sources leveal no information, local health boards may 
be appealed to for death records Fiequently an insuiance company may 
be able to furnish pertinent facts In senes of cases now being analyzed at 
the Memoiial Hospital, foi which we have access only to these souices of 
information, we are able to locate between 90 and 95 per cent of all patients, 
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a proportion which biostatisticians have informed us is satisfactory for 
statistical purposes 


PROGNOSIS 

Cancer of the lower hp is one of the least malignant forms of intia-oral 
cancer Early lesions up to i 5 cm in diameter should be capable of cure in 
practically all cases following proper treatment if the patient is legularly 
observed and examined for recun ence Failures often lesult from inatten- 
tion to proper follow-up by eithei the patient 01 the physician In this series, 
the average length of life of the unsuccessfully treated patient was about 38 
months after onset Cei tain factors influencing the cure rate, calculated on the 
detei inmate group, are given in Table IV 

TabL! IV 

FACTORS IMLUESUSG TUI I IVI -M-AR CURE R,\TL IN 313 CTSES (OETERMIN VTI GROUP) OF CANCER O! THE IIP 

OHSERVFD AT THE Ml MORIAE HOSPITAL 


tg2S to IQ34 indusnc 



Total 

Number of 

Per Cent 0' 


Number 

Five-Year 

Five Year 


of Cases 

Cures 

Cures 

Age in Years 

Below. 40 

38 

31 

89 

40 to 49 

63 

45 

71 

SO to 59 

86 

57 

66 

60 and o\cr 

I2I 

8S 

70 

Not stated 

S 

1 


Metastases 

None at any time 

196 

t 87 

95 

Present some time 

H 7 

32 

27 

Present on admission 

90 

22 

24 

None on admission 

223 

197 

88 

Det eloped after admission 

27 

10 

27 

Bilateral submaxillary 

20 

4 

20 

Histopathology (cases m which the primary was treated at Memo- 
rial Hospital) 

Squamous carcinoma Grade I 

87 

73 

84 

Grade II 

143 

102 

71 

Grade III 

4 

2 

SO 

Grade IV 

I 

0 

0 

Ungraded 

42 

33 

75 

spindle cell carcinoma 

2 

I 

so 

Size of Lesion 

Under 1 cm 

33 

33 

100 

1 to I 9 cm 

118 

102 

86 

2 to 2 9 cm 

49 

35 

71 

3 cm and over 

60 

33 

55 

Entire hp 

5 

5 

100 

Not stated 

48 

II 

23 

Position of Lesion 

Upper Up 

17 

7 

41 

Lower hp 

296 

212 

71 

Associated leukoplakia 

70 

55 

79 

Associated syphilis 

25 

13 

52 

Primary cases (no treatment elsewhere) 

228 

175 

77 

Residual recurrent or metastatic cancer after previous treatment 
elsewhere 

After radiation alone 

32 

20 

63 

After surgery alone 

30 

12 

40 

After combination of radiation and surgery 

6 

2 

33 

After electrocoagulation or cautery 

17 

10 

59 

Total patients with residual or recurrent disease 

8S 

44 

52 
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Age and Sex — From the analysis of the present senes, it would appear 
that the prognosis is best below the age of 40 and ovei the age of 60 How- 
ever, since the age-prognosis cuive is rather irregular, we suspect that this 
variation is purely coincidental and that if the senes were larger these devia- 
tions might be less evident The treatment of cancer of the lip does not 
carry with it a high moitality rate, nor do we believe that the age of the 
patient markedly affects the malignancy of the individual tumor Since the 
percentage of females with hp cancel is so small, no conclusive calculation 
of sex prognosis is possible 

Metastases — Although not always so interpreted, the malignancy factor 
of any neoplasm depends almost entirely upon its capacity to metastasize 
No better illustration of this fact can be found than m the prognosis of lip 
cancer From Table IV, it is seen that of the cases which had no metastases 
at any time, the cuie late was 95 per cent The failure to cure the lemammg 
5 per cent depended upon such infrequent occurrences as postoperative 
deaths, and those lather rare cases of inoperable and mcuiable, bulky tumors 
of the lower lip with no evidence of metastasis on admission The piesence 
of metastases at some time duimg the course of the disease reduces the cure 
rate to about 27 per cent It would appear that the time of development of 
metastases has little influence on the prognosis, since the cure rate is about 
the same whether involved nodes are present on admission (24 per cent) or 
develop later (27 per cent) 

Hisiopathology — Our calculations of the histopathologic prognosis were 
made only upon those cases m which the piimary lesion was treated at 
Memorial Hospital Patients who were referred to our clinic with cervical 
metastases following cure of the primary lesion are not included, since the 
histologic grading of such cases is often uncertain As would be expected, 
the prognosis is best m low grade squamous carcinoma and poorest with the 
higher Grades 1 1 and HI 

Stse of the Lesion — When the primary lesion is less than i cm in 
diameter, cuie may be assured m almost all cases (100 per cent m the present 
series) As the size of the primary lesion increases, indicating a later stage 
of the disease and a greater chance of metastasis, the possibility of cuie 
progressively diminishes, but it should be noted that even when the primary 
lesion is over 3 cm in diainetei, the chance of cuie is still about 55 per cent 
Curiously enough, m the five cases m which the entiie lower lip was involved, 
the cure rate -was 100 pei cent The good piognosis in these cases probably 
depends largely upon the fact that if the patient survives long enough foi 
the primary lesion to involve the whole lip, the tumor is almost always of 
low histologic grade and apparently incapable of metastasizing, and, theiefore, 
cure depends entirely upon contiol of the primary lesion 

Position of the Lesion — Growths of the upper lip appear to belong to 
the group of spontaneous cancers, in contrast to those of the lowei lip, in 
which chronic irritation is usually obvious as an etiologic factor It is a 
common observation that such spontaneous cancers are highly malignant as 
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compared to iiritation cancers Such a theory is supported by the fact that 
of our 17 patients with primary lesions on the upper lip, only seven (41 per 
cent) survived five years 

SypJuhs — ^According to our statistics, the prognosis in hp cancer with 
associated syphilis (52 per cent cure rate) is less than the general average 
(70 per cent) Since the complications of treatment m hp cancer are so few, 
it IS difficult to interpret this finding, which may be purely coincidental since 
the number of our cases with syphilis (25) is small 

Status on Admission zvitli Regaid to Previous Treatment — Unsuccessful 
attempts at treatment reduce the possibility of cure in cancer of the hp, as 
shown in Table IV The cure rate m those patients (primary cases) who 
did not leceive previous treatment was about average, even when all-comers 
in all stages of the disease aie included The cure rate was only 52 per cent 
111 the patients referred to us with residual and recurrent disease after un- 
successful treatment elsewhere Despite the fact that the end-result statistics 
(70 per cent) could be impioved (77 per cent) by the exclusion of such 
recurrent cases, it is obvious that the truth 111 legard to this disease is not 
revealed except by the inclusion of all clinical material 

END-RESULTS 

In the present series, the net cuie rate in 375 cases is 70 pei cent (Table 
V) As we have previously mentioned, this senes consists of a consecutive 


Table V 

riVE-YEAR END RESULTS IN CANCER Or THE LIP OBSERV ED \T THE MEMORIAL HOSPITAL 

1028 lo 1034 tnditsive 

This senes consists of all histologically proved cases of cancer of the hp both early and advanced admitted 
during the specified penod Only those patients are excluded who for any reason were unable to return for treat- 
ment, palliation and observation in the Out-Patient Department and those i\ho were lost track of within the 


first month after no more than one or two visits (clinic shoppers) 

Total Number of Cases 375 

Indeterminate Group 

Dead as a result of other causes and without recurrence 39 

Lost track of without recurrence 23 

Total number of indeterminate results 62 

Determinate Group 

Total number minus those of indeterminate group 3i3 

Failures 

Dead as a result of cancer 87 

Lost track of with disease 4 

Living with disease 3 

Total number of failures in treatment 94 

Successful Results 

Free from disease after five years or more 219 

Five-year End-Results 

Successful results divided by determinate group (219/313) 70% 


group of all histologically proven cases of cancer of the lip, both primary 
and recurrent, which were admitted to our clinic during the years 1928—1934, 
inclusive It is the policy of our clinic to accept all ambulatory patients 
with cancer, no matter how advanced the disease If the patient is able and 
willing to return for treatment, palliation, or observation, the case is included 
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in our recoids foi statistical purposes Befoie calculating the net end-iesults 
in a given series, we substiact only those cases in which an unfavorable 
outcome is not due to cancer, oi in which the end-iesult is not definite!) 
known because the patient was lost to follow-up after a yeai’s freedom fiom 
disease In the laiger clinics, there aie inevitably some patients lost tiack 
of, and such an allowance is, therefoie, necessary Such a policy of sub- 
tracting the indeterminate cases before calculating net end-results in cancer 
IS followed 111 the large cancer clinics of the world (Radiumhemmet, Curie 
Institute) Biostatisticians whom we have consulted state that if at least 
90 per cent of the cases 111 a senes are accounted for, the calculations will 
be sufficiently accuiate In the piesent series, 93 pei cent of the patients 
have been traced 

There is probably no anatoimc foim of cancer foi which more end- 
results have been published than for cancel of the lip, but an attempt to 
compare oui figuies with those leported in the hteiatuie is disappointing 
It is regrettable that so many lepoits, emanating from excellent clinics and 
made by undoubtedly competent suigeons and ladiologists 
should be unsuitable for statistical analysis An outstanding fault in most 
publications is the lack of any standard, 01 definite, period of survival, as, 
for instance, a certain percentage of patients is said to have survived “from 
one to seven years, with no fuithei data as to the numbei or proportion 
surviving foi any given peiiod In many such unsatisfactory reports, it is 
obvious that the authoi has included a numbei of lecent cases 111 an effort 
to make the total series as laige as possible Unfoitunately, such attempts 
fail to accomplish the intended puipose, since all the figuies are vitiated by 
the introduction of so much iiiconclusn'^e mateiial How much inoie im- 
pressive it would be if accurate and conclusive lesults were given on a smaller 
group of consecutive cases, all observed foi at least a five-yeai period Many 
of the older reports and some of the more recent, even though otherwise 
suitable, are based upon three- lathei than five-year survival periods In 
other instances, one finds end-results calculated only on the patients treated 
with curative intent, without considering advanced cases for whom only pal- 
liative measures were possible Other authors exclude cases recurrent after 
previous treatment elsewhere There aie also published calculations based 
upon only those patients “traced” with no accounting foi those lost to follow- 
up, although in some of these the untraced cases make up almost one-fourth 
of the whole group Some investigators begin by setting down a certain 
number of cases and then base their end-results on a much smaller number, 
with no explanation for the discrepancy End-result statistics on “early 
cases,” “cases without metastases,” or cases “operated upon” are obviously 
calculated on highly selected groups and do not give the actual cure rate for 
cancer of the lip, but only the prognosis in various stages of the disease 
In every instance, such grouping must necessarily be arbitrary, because any 
two surgeons would rarely agree exactly on the classification of all cases 
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Iablu VI 


rum IbllliD 1I\I-MIAR LM) RLSULIS ON UNSrLFClED C \SLS OP CANCER OF THE IIP 



Period 

Total 

Indeterminate 

Determinate 

Net 


Covered 

No 





Five Year 







by 

of 

Lost 

Died of 

Died of 

Five-Year 

Cure Rate 


Report 

Cases 

NED 

Other Causes 

Disease'*’ 

Cures 

Percentage t 

Ber\en‘ 
elsb and 

1900-1923 

179 




(?) 

64 2 

Nathanson®^ 

1933 

990I; 

41 


503 

446 

45 

Lacassagne’* 
Schreiner and 

1919-1924 

68 


10 

24 

34 

58 

Mattick” 

1914-1927 

258^ 

19 

32 

140 

94 

40 

Bergendal- 

Martin 

1914-1930 

172 

1 

35 

27 

110 

80 

MacComb 
and Bladj 

1928-1934 

375 

23 

39 

94 

219 

70 


* This includes pitients lost tnck of uith diseibc and patients living with disease 
t Number aloe and well dnided by the number of the determinate group 
t Twenty untreated, counted as failures 
§ Four untreated, counted as failures 

The end-result statistics collected in Table VI are the only ones we have 
been able to find in which sufficient facts aie given so that one can accept 
the stated cuie late, oi so that one can calculate the net end-results from the 
data which aie given As compaied to most seiious foims of cancer, it will 
be seen that these end-i esult statistics are consistently high 

SUMMARY 

This repoit is based mainly upon an intensive analysis of 375 consecutive 
cases of lip cancer, all histologically proved, admitted dtiimg the seven-yeai 
peiiod 1928 to 1934, and includes all patients with cancel of the hp who ap- 
plied to 0111 clinic duiing that peiiod, without exclusion of any because of 
an advanced stage of the disease In the light of this material, cancer of 
the lip IS discussed from the standpoints of etiology, pathology, symptoms, 
treatment, and piognosis The net five-yeai cuie rate m these 375 cases is 
70 per cent 
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PERFORmON OF THE CERVICAL ESOPHAGUS WITH 
THE FLEXIBLE GASTROSCOPE* 


CASE REPORT — DIAGNOSIS — TREATMENT 

Arthur S W Touropf, MD 
New York, N Y 

IROM THE SUnnCAL SHUICC Ot Dn HAROLD NEUnOP, MT SI\ AI HOSPITAL, NEW 1 0RE, N T 

Within recent years, the hazards of endoscopic examination of the 
stomach and first portion of the duodenum hai e been gi eatly reduced by the 
use of the flexible gastroscope Thus, a lecent questionnaire by Schindler,^ 
who devised the instrument, disclosed that only ten serious accidents had 
occurred in a total of 22,351 cases in which it had been employed These 
accidents all consisted of traumatic perfoi ations , eight involving the stomach, 
one the jejunum, and one the ceivical portion of the esophagus Only the last 
resulted fatally In view of the appaient raiity of accidental perforation 
of the cervical por-tion of the esophagus with the flexible gastroscope, it appears 
warranted to report a case which presented a number of interesting and 
unusual features, and to discuss briefly the diagnosis and management of 
the condition 

Case Report — B L , white, male, age 40, was admitted to Mt Smai Hospital, 
September 23, 1940 The relevant history was one of recurrent episodes of abdominal 
pain, vomiting, and loss of weight, of approximately five years’ duiation Six months 
previously, he had suffered a severe hematemesis Diagnostic studies including gastric 
analysis and roentgenologic examination, performed m the Out-Patient Department, 
suggested the presence of a diverticulum of the first portion of the duodenum In an 
attempt to clarify the diagnosis further, he was refen ed to the hospital as an ambulatory 
case, for gastroscopic examination 

On the day of admission, the Schindler flexible gastroscope was introduced under 
local anesthesia The gastroscopist stated that after the instrument had been passed 
downward apparently without difficulty, for a distance of about six inches beyond the 
upper incisor teeth, a small amount of blood was noted in the patient’s mouth The 
instrument was withdrawn immediately, and it was noted that the flexible rubber bougie 
at the distal end of the apparatus was missing Within a few moments the patient 
began to complain of pain over the right side of the neck , and palpation disclosed tender- 
ness and crepitation in that area Surgical consultation was requested immediately 

When first seen by the author, not more than ten minutes after the accident had 
occurred, the patient complained of severe pain on swallowing Both sides of the neck 
were moderately swollen, especially the right Bilateral crepitation was present and 
extended from the clavicle to the angle of the jaw Tenderness rvas noted over the 
right side of the neck lateral to the larynx The diagnosis of instrumental perforation 
of the upper esophagus was made and immediate operation advised In order to ascertain 
whether the missing tip of the instrument had passed downward into the stomach or 
was lodged in the cervical region, roentgenologic examination was made while the 
operating room was being prepared Films of the neck, with the patient in the antero- 

* Presented before the Joint Meeting of the New York Surgical Society and the 
Philadelphia Academy of Surgerv, February 12, 1941 
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posterior and lateral positions, revealed extensive collections of air in the cervical tissue 
planes and in the retropharyngeal and retro-esophageal space (Figs i and 2) On the 
right side, opposite the lower cervical and first dorsal vertebrae, the missing bougie was 
seen with its tip pointing cephalad 

Opet atton —This was performed, under local anesthesia, approximately three-quarters 
of an hour after the accident occurred An incision was made along the anterior border 



Fig I — Anteroposterior Mew Note extensne subcutaneous emphysema, 
and air dissecting; between the various tissue planes The missing bougie lies 
at the root of the neck with Us distal end pointing cephalad Note the dis 
tance between the bougie tiuI the trachea Ihe button o\er the right claMcle 
lies oil the skin 


of the right sternomastoid muscle, from a point above the level of the larynx down to 
the suprasternal notch The sternomastoid muscle and carotid sheath were retracted 
laterally, the anterior belly of the omohyoid traversed, and the margin of the right lobe 
of the thyroid gland exposed The latter then was mobilized and retracted medially to 
expose the lateral aspect of the esophagus 

Everywhere within the operative field the areolar tissue between the muscle planes 
was distended with bubbles of air No discoloration was noted however The missing 
tip of the gastroscope was discovered at the root of the neck, alongside the esophagus, 
and was removed The esophagus was then exposed freely and inspected About two 
inches above the level of the foreign body an irregular laceration, approximately one- 
half inch long and with everted edges, was found in the right posterolateral esophageal 
wall In view of the fact that the edges of the defect were bruised and ecchymotic it 
was deemed unwise to close the latter by suture Accordinglj, a small iodoform packing 
was placed down to the opening and brought out at the lower angle of the incision 
Another small iodoform packing was placed alongside the esophagus, at the entrance to 
the superior mediastinum, and was also brought out through the lower part of the wound 
The subcutaneous tissues and skin were closed loosely with interrupted sutures 
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An intravenous infusion of i,ooo cc of 5 per cent glucose solution was begun after 
operation, and a Levin tube was introduced into the stomach for purposes of feeding 
Sulfanilamide was administered, m 1 Gm doses every four hours, for 48 hours The 
packing which had been placed down to the esophageal laceration was shortened on the 
third postoperative da> and removed the following day The lower packing was shortened 
on the fifth day, and removed 24 hours later The Levin tube was removed on the 






T'C 2 — Lateral view Note particularly, air in the retroesophageal and 
retropharyngeal spaces and the widening of these areas A^ir extends upward 
to the base of the skull The bougie lies anterior to the esophagus, and lateral 
to It (as demonstrated in the anteroposterior new) 

Sixth postoperative day , and the patient placed upon a soft diet, which he took without 
difficulty Convalescence was uneventful , and he was discharged on the eighth post- 
operative da^, with the wound healed At no time following operation was there 
evidence of leakage from the esophagus 

Five weeks later, barium studies levealed slight irregularity in the outline of the 
posterolateral surface of the esophagus at the site of previous injury No other abnormal- 
ities were noted At the present time (five months after operation) the patient is en- 
tirely free of symptoms referable to the esophageal trauma, and roentgenologic examina- 
tion of the esophagus is negative (Fig 3) 

Comment — The rubber bougie, which foims the tip of the flexible gas- 
troscope, is cemented to the adjacent metal portion of the instrument, and 
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IS also fixed to it by wiie which is incorporated within its substance Its 
position when found in the pei lesophageal tissues, with its distal end pointing 
cepJmlad, would seem to indicate that the bougie became sharplj angulated 
at its point of junction with the metal j^oition as the instrument was being 



Fig 3 — ^Four rnonths postoperative Roentgenogram taken after adminis 
tration of a thin barium mixture Note the norma! contour of hypopharynx 
and esophagus, and normal retropharyngeal and retroesophageal spaces 


passed The result was that the metal end no longer protected b)"^ the soft 
bougie which normally advances ahead of it, penetrated the esophageal wall 
and passed into the tissues of the neck In view of the fact that the gastros- 
copist reported that no difficulty had been encountered, and that undue force 
had not been employed as the instrument was passed, the bougie could have 
become so shaiply angulated only if it were loose Its complete detachment, 
outside the esophagus, probably occuiied as the instrument was being with- 
drawn 

D'lscitssion — Personal obseivation of 20 cases of accidental perforation of 
the cervical portion of the esophagus, both b}'^ instruments and ingested foreign 
bodies (usually chicken and fish bones) has demonstrated that all such lesions 
aie not onlj'- potential]}" seuous liut are often a tin eat to life Because of 
the diiect anatomic continuity between the reti o-esophageal space and the 
posterior compaitment of the supeiior mediastinum, the most common cause 
of death is mediastinal infection The initial periesophageal infection may 
assume the form of a phlegmon 01 of an abscess A phlegmon is usually 
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a diffuse lesion which displays little tendency to localize and quickly extends 
downward into the mediastinum An abscess, on the othei hand, usually 
begins as a faiily Avell-locahzed lesion, but unless evacuated faiily promptly 
may subsequently extend downward into the mediastinum The following 
case cited by Schindlei,^ although not observed by him peisonally, illustrates 
this point well 

In brief, foui houis following gastroscopy, with the flexible instrument, 
the patient developed symptoms consisting of pain m the neck, dysphagia 
and fever Maiked swelling about the left side of the neck and subcutaneous 
emphysema (tndicahve oj actual peijotation of the esophagu<;*) , were detected 
next morning Because of “improvement” in the patient’s condition soon 
thereaftei, conseivative therapy was employed On the eighth day, however, 
the diagnosis of “abscess of the left hypophai yngeal legioii” was made On 
the next da}, the patient developed dyspnea and cyanosis, necessitating an 
emergency tiacheotom} As the trachea was exposed, laige quantities of pus 
welled into the wound and the patient succumbed on the opeiating table 
The significant findings at autopsy consisted of a peifoiation of the posterior 
esophageal wall at the level of the seventh cervical veitebia and an adjacent 
large mediastinal abscess The case illustiates very well a fiequent result 
of the conseivative tieatment of patients with gioss peifoiations of the cer- 
vical portion of the esophagus 

At the present time, a difference of opinion exists in legaid to the treat- 
ment of tiaumatic peiforations of the ceivical poition of the esophagus The 
chief disagieement appeals to center about cases m vhich the peiforation 
appears to be small, and those m which theie is doubt as to whether pene- 
tration of the esophageal wall is complete It has been demonstrated that, 
in certain cases, a ceivical pei lesophageal abscess may evacuate itself spon- 
taneously into the esophagus thiough the original path^^ay of injuiy, or may 
be evacuated into the esophagus by endo-esophageal instiumentation While, 
unquestionably, such a fortunate outcome may, at times, be noted, personal 
observation has indicated that it is the exception lathei than the lule, and 
that more frequently the infection extends downwaid into the mediastinum 
and results in the patient’s death While it is not the puipose of this com- 
munication to discuss, at length, the treatment of actual small perforations 
or suspected perforations of the cervical esophagus, it may be stated, categori- 
cally, that the patient’s interests are best seived by prompt external surgical 
exploration rather than by a policy of “watchful waiting ” Thus, if actual 
perforation is present, adequate surgical drainage may be afforded On the 
other hand, if the penetration of the esophagus proves to be incomplete, ex- 
ploration, as described, is a relatively simple procedure which is well tolerated 
by the patient 

In contradistinction to small peiforations or suspected perforations of 
the cervical portion of the esophagus, there can be little discussion concerning 


* Italics mine (A S W T ) 
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the necessity foi prompt opeiatioii in cases of gross perforation associated 
with subcutaneous emphysema or with roentgenologic evidence of air m the 
periesophageal tissues In such cases the likelihood of serious consequences 
IS great, since leakage of infected material from the esophageal rent is apt to 
be more fiee and pathways of extension of infection are opened, as air dis- 
sects its way along the tissue planes, especially m a downward direction In 
cases in which subcutaneous emphysema is not noted, the diagnosis of per- 
foration can be made on roentgenologic examination of the neck Films should 
be taken in the anteroposterioi and lateral planes, with the patient in the 
erect position The lateral view is particulai ly important, m so far as it is the 
only one in which the retropharyngeal and retro-esophageal space can be 
visualized Since air escaping fiom the upper esophagus enters these areas 
first, the visualization of the latter is essential to eaily diagnosis It is to be 
emphasized that the quantity of air seen in the reti opharyngeal and retro- 
esophageal space need not be gieat and that the piesence of only a bubble or 
two suffices to establish the diagnosis 

Once the diagnosis of perforation has been made, piompt operation, con- 
sisting of exposure and treatment of the esophageal rent through an external 
cervical incision under local anesthesia, is lecommended As has been stated 
previously, it is fully appreciated that at times certain patients may recover 
following more conseivative theiapy However, should a patient under 
conservative therapy develop a descending infection of the mediastinum, as 
happens not infi equently, the suigical pioblem becomes much more complicated 
and the prognosis considerably more grave In view of these dangers and 
the negligible risk involved, there appeal s to be little question as to tbe wisdom 
of early operative tieatment 


SUMMARY 

An unusual case of accidental perforation of tbe cervical portion of the 
esophagus with the flexible gastioscope, is presented The rubber bougie, 
which constitutes the distal portion of the mstiument, became detached and 
remained lodged in the neck aftei the gastioscope was withdrawn The 
diagnosis of free perfoiation of the esophagus was made clinically, and con- 
firmed by immediate roentgenologic examination, which disclosed a large 
quantity of air m the soft tissues of the neck and the missing bougie lying 
free in the periesophageal tissues at the root of the neck Prompt operation 
was performed through an external approach, the foieign body removed, and 
the perforation cared foi Recoveiy was uneventful, the patient being dis- 
charged eight days after operation, with the wound healed When last ob- 
served, approximately five months after operation, he was entirely free of 
symptoms referable to the esophageal trauma and roentgenograms weie 
negative 
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Discussion — Dr John B Flick (Philadelphia, Pa ) — I have oper- 
ated upon two patients foi mediastinal suppuration following esophagoscopy 
They illustiate what may happen when pei lesophageal infection occuis fol- 
lowing injury to the ceivical esophagus and operation is delayed Both were 
opeiated upon late, following the injury Their histones aie of some interest 
and will be recited bi lefly The first patient, a female, age 46, had a bronchos- 
copy and esophagoscopy perfoimed September i, 1936 These examinations 
were negative except foi a tendency to spasm at the level of the cncophai yngeal 
muscle on passage of the esophagoscope That evening, her temperatuie 
lose to 102° F, and she developed pain m the region of the sixth cervical 
vertebra The following day she had some substernal pain and her leuko- 
cytes rose to 15,500 Fiom then on, until after operation, she had a septic 
temperatuie I saw hei 25 days after the esophagoscopy, and, under local 
anesthesia, through a posteiior incision, with lesection of segments of the 
fouith, fifth and sixth ribs, drained a laige mediastinal abscess on the right 
side Ultimately, she made a complete recovery 

The second patient, a female, age 59, had an esophagoscopy perfoimed, 
undei general anesthesia. May 4, 1938 The following day her tempeiatuie 
rose to 102° F her leukocyte count to 19,000, and she complained of pain 
in her neck, back and chest She had difficulty in swallowing, and dyspnea 
Because of dyspnea, a ti acheotoiu}'^ was peifoimed, but tbe dyspnea was not 
relieved I saw hei seven days after the esophagoscopy, and, under local 
anesthesia, exposed the uppei ribs posteiiorly, on the light side The patient, 
already in desperate condition, died soon aftei the operation was begun How- 
ever. exposure was continued 

An abscess was opened and foul-smelling pus and gas, under pressure, 
escaped A finger intioduced into the abscess cavity could be passed acioss 
the bodies of the vertebrae to the left side The abscess cavity extended 
upward to the level of the first rib and downward to the level of the fifth 1 ib 
posterioily The esophagus could be seen and had been pushed forward The 
pleural cavity was not opened On fuithei examination, with a finger m 
the abscess cavity and the othei hand palpating the base of the neck on the 
right side, it was evident that the abscess could have been drained by an 
incision similai to that employed in exposing a diveiticulum of the esophagus 
The drainage, however, would not have been as satisfactory as thiough the 
posterior exposure 

Many surgeons have called attention to the necessity for early drainage 
through the neck m cases of injury to the cervical esophagus, yet this is by 
no means always undertaken Gabriel Tucker has warned of the presence 
of osteophytes on the bodies of the cervical vertebrae in some individuals 
which predispose to injuiy to the esophagus during esophagoscopy He in- 
sists upon lateral roentgenologic studies of the cervical spine m all patients 
before esophagoscopy Too much stress cannot be put on tbe necessity of 
early operation and drainage through the neck in cases of injury to the cervical 
esophagus Drainage should be undertaken as soon as injury and infection 
aie suspected, and before a mediastinal abscess bas developed A rising 
leukocyte count , emphysema in the tissues of the neck , and a rising tempera- 
ture following trauma due to instrumentation, or to foieign body, are sufficient 
evidence to warrant operation 

The use of sulfanilamide and of zinc peroxide should be of value in treating 
these infections 
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In the conviction that most of the difficulties encounteied in bone 
plating are mechanical rather than surgical or physiologic, a comprehensive 
study was undertaken of the factois involved The first phase of the work 
was leported^ in Decembei, 1938, wheiem a simple jig was desciibed for 
centering the drill point 111 the hole of a plate The jig also acts as a very 
effective depth gauge The present discussion has to do with the actual hold- 
ing power of various sciews in bone, the detei mmation of the correct drill 
size foi each of the sciews, and the effect of time on the holding power of 
the vanadium, stainless steel, and Yitallium sciews 

The Method — The evaluation of the holding pow^er of screw^s has, in 
general, been lelatively subjective and inexact It was expressed in terms of 
ease of application — whethei the sciew' w'ent m with much or little resistance 
By its very nature, this was an inexact detei mmation and meiely the indica- 
tion of an impiession We ha^e made this determination an exact one At 
first, plates made of spiiiig steel w^eie bent so that wnth the screw's seated the 
spring of the plate w'ould exeit a pull on the screw's Several of these plates 
W'ere put in dogs w'lth diffeient sciew's at either end This method was soon 
abandoned because tlie plates, w'liich were made of high carbon steel, corroded 
and broke It w'as then decided to use a noncoi rodmg plate of Vitalhum, after 
cutting a section fiom the bone In this mannei, the w'hole weight of the 
dog was tiansmitted through the sciew's Thus it w'as possible to show' in 
an indirect w'ay that the end of the plate with fine threaded screws broke 
loose moie fiequently than the end plated w'lth the coaise threaded screw's 
But again this method w'as inexact and lesulted in a high dog mortality 

Finally, it was suggested that a method of extracting screws from bone 
be devised which would measure the pull required Such an instrument was 
constiucted by an mteiested group of engineers (Fig i) It consists of a 
vise-like pair of arms which grasp the head of the screw', pulling on the screw 
as force is applied to the threaded handle This pull is transmitted through 
a heavy spring, the foice exerted being indicated on a dial By means of this 
machine, a pull of 525 pounds could be exerted and, after being calibrated 
accurately m a physical testing laboratory, an exact measure of the holding 
power of the screw'S w'as possible As first con^iucted, this screw' puller was 
capable of only 325 pounds pull, as we had thought this would be sufficient 
Then it w'as inci eased to 425 and finally to 525 pounds Even then w'e w'ere 
unable to extiact some sciew'S anchored in only one cortex of a human bone 
When this method w'as first used, it w'as discovered that there was occa- 
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sionally a wide variation in holding power of a given screw in the shaft of the 
same bone, despite the fact that the same size drill was used and the screws 
were applied with equal ease An additional variable which had not been 
controlled was the thickness of the coitex After several attempts, a depth 
gauge was devised which measures the thickness of the cortex with an accuracy 



EXTRACTOR 'DSED IN ESTIMATING THE HOLDING POWER OF THE 

VARIOUS SCREWS 

Fig I — The device as shown by the photograph consists of a pair of sliding jaws 
(A), connected by links (B) and a cross head (C), a stationary rest (D), screw (E) , 
handle (F), and a tested spring balance (G) The spring balance is provided with a 

set pointer (H) for noting the maximum load For a test, the set pointer is first 

brought into zero position b> turning the knob (I) The device is then placed in 
proper position over the screw to be tested The screw is gripped and tension on the 
screw IS applied b> turning the screw handle (K) , the pointer (L) then indicates 
the pressure in pounds by means of rack and pinion to the dial When the screw 
extracted, the pointer (L) will move back to the zero position, but the set pointer 

vU) will remain in place to show maximum load in pounds 

Fig 2 — (insert) Depth gauge which permitted an accurate measurement of the 
thickness of the cortex through each drill hole, before a screw was inserted 


of 1/64 inch (Fig 2) Readings are taken directly from the center piston 
A lock screw at the top of the instiument permits readings after removing 
the micrometei gauge fiom the bone It will be seen later that a slight vaiia- 
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tion m cortical thickness may make a laige variation in the holding powei 
of the screw, o 093 inch alteimg the holding power as much as 8o pounds 
We have determined the actual measurements of the several screws used 
m this study and have indicated the theoretically ideal drill size (equal to the 
loot diameter) Table I gives the outside diameter, the root diameter, threads 

per inch, and the theoretically ideal drill size 
It would be impractical, and useless, to give 
the details in regard to all the i,ooo and more 
screws pulled duimg this study but illustra- 
tive experiments will be presented By means 
of the method described, the holding power of 
different types of screws was determined m the 
fresh animal, cadavei, and human bones, eithei 
following autopsy or amputation Then the 
ideal drill size for each screw was determined, 
as well as a senes of extractions showing the 
holding power when root size drills were used 
Holding Pozvei m Dog Bones Using Roof 
Sicc Dulls — The absolute holding power of 
four different screws was determined m the 
bones of fieshly killed dogs, and the relative 
holding powei ot the different sci ews compared 
with special reference to any difference between the fine and the coarse 
threaded sciews Table II indicates the holding power in one cortex, the 



Fig 3 — Frequently the screws 
did not just pull out on being ex 
tracted but like the one here shown 
helped themselves to a ‘ button ’ of 
bone Obviously the holding power 
of such a screw is the strength of 
the cortex of the bone 


Table I 



Diameter 

Diameter 

Threads 

Root Size 

Screw 

Outside Size 

Root 

Per Inch 

Drill 

Vitalhum (fine) 

0 138 m 

0 104 in 

32 

37 

Vitalhum (coarse) 

0 144 in 

0 104 in 

20 

37 

Sherman 

0 134 in 

0 102 in 

30 

37 

Zimmer 

0 166 in 

0 104 in 

18 

37 

Parker Kalon 

0 137 in 

0 097 in 

20 

41 

Venable Stuck 

0 13b in 

Tapered 

18 


Wood 

0 120 in 

Tapered 

20 



thickness of the cortex m 1/32 inch, and the holding power pei 1/32 inch 
All these readings are in pounds 


Screw 

Vitalhum (fine) 
Sherman 

Vitalhum (coarse) 
Parker Kalon 


Table II 

Holding Power 


Actual Thickness Per 1/32 m 

Holding Pow er of Cortex of Cortex 

141 lbs 3/32 in 47 lbs 

204 lbs 4/32 in SI lbs 

156 lbs 3/32 in S2 lbs 

300 lbs 4/32 in 7S lbs 


These results show very little difference between the fine and coaise 
thieaded Vitalhum screws and do not confirm our supposition that coarse 
threaded screws (in the case of Vitalhum) should hold moie than a fine 
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threaded sciew Neveitheless, when the Sherman or Vitallmm fine screws 
are compared with the coaise Parker-Kalon screws, a very definite diffeience 
IS noticed The similaiity in holding powei of the two Vitallmm screws is 
due, we believe, to the natuie of Vitallmm This particular alloy is so haid 
that it cannot be machined Consequently, it has to be cast and the sciews 
do not have as sharp cutting edges, so their insertion into a small hole is moi e 
difficult 

We believe the greatest advantage of the coaise, and, therefore, deeper 
threaded sciews, is m then laiger allowance for variation m the size of the 
hole m the hone Carnes^ has made enlaigements of photographs of drill- 
holes m bones and they are seldom lound It is humanly impossible to hold 
either the bone oi the drill absolutely stationar}^, and it is obvious that the finer 
the threads of the sciew the more accurate the di ill-hole must be to obtain 
anything like a maximum engagement of bone 

Holding Powei m Cadavet Bones — The tibia and humerus of a well- 
preserved cadaver were used m this experiment, which was designed to demon- 
strate the diffeience between fine and coarse threaded screws in human bone, 
using a root size drill Again it was difficult to insert the Sherman fine screws, 
but the Parker-Kalon coarse sciews uniformly went in well (Table III) 


Table HI 
TIBIA 





Holding Power 


Actual 

Thickness 

Per 1/32 in 

Screw 

Holding Power 

of Cortex 

Cortex 

Sherman 

240 lbs 

5/32 in 

48 lbs 

Parker Kalon 

375 lbs 

S/32 in 

75 lbs 


HUMERUS 



Sherman 

180 lbs 

4/32 in 

45 lbs 

Parker-Kalon 

500 lbs 

S/32 in 

100 lbs 


In this expeiiment, as m all otheis presented, the figuies given are average 
figures — averages of at least six screws extracted from each bone In the 
cadaver experiments, the Paiker-Kalon screws uniformly caused marked 
splintering of bone when extracted, while the fine screws left a smooth hole 
Several of the Sherman screws stripped the bone while being inserted These 
were not included m the aveiages shown 

Holding Powei of Sciews in Fiesli Human Bone — Screws were 
applied in the femora of a man, age 76, who had died two hours previously 
He had been bedridden for six months with a carcinoma of the prostate 
His emaciation w'^as extieme In this senes, as in others, a minimum of six 
screw's of each type was used (Table IV) 

The Vitallmm screw's were difficult to apply well m this experiment One 
of the Vitallmm sciews broke at the head during extraction at 260 pounds 
Even though theie was considerable demineralization, as demonstiated roent- 
genologically, the holding pow'ei of these sci ews w'as high, the coai se tin eaded 
stainless steel screw's holding considerably more than the coaise Vitallmm 
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T\ble IV 


Holding Pow er 


Actual 

Thickness 

Per 1/32 in 

Screw 

Holding Pow er 

of Cortex 

Cortex 

Vitallium (fine) 

240 lbs 

S/32 in 

48 lbs 

Vitallium (coarse) 

270 lbs 

S/32 in 

54 lbs 

Sherman 

24s lbs 

S/32 in 

49 lbs 

Zimmer 

3 SO lbs 

s/32 in 

70 lbs 

Parker-Kalon 

33 S lbs 

5/32 in 

67 lbs 

Venable Stuck 

260 lbs 

4/32 in 

65 lbs 


screw The Venable sciew held well in this experiment, and went m well 
(Fig 3) 

Holding Pozvei in Child's Bone — We were fortunate in obtaining the 
recently amputated leg of a girl age eight These determinations were made 
on the lower third of the child’s tibia, which had been amputated for osteo- 
genic sarcoma (Table V) 



Table V 


Holding Power 


Actual 

Thickness 

Per 1/32 In 

Scre\\ 

Holding Power 

of Cortex 

Cortex 

Vitallium (fine) 

75 lbs 

3/32 in 

25 lbs 

Sherman 

1 26 lbs 

3/32 in 

42 lbs 

Zimmer 

153 lbs 

3/32 in 

SI lbs 

Parker-Kalon 

168 lbs 

3/32 in 

S6 lbs 


The holding power of sciews is definitely less in a child’s bone, particularly 
with the fine thieaded screws 

Machine Sciezvs Veisus Wood Sciezvs — The machine-type screw was 
long ago advocated foi bone work by Sherman Nevertheless, wood screws 
are still being used, foi the very good reason that they are easy to apply 
However, it seems to us that a wood screw is poorly designed for holding 
plates, at least, because of its tapei In applying any screw, it is necessary 
to drill a hole approximately equal to the root diameter at the base of the 
screw If the di ill-hole be smaller than this, the bone is subjected to imdue 
pressure resulting m fractuiing or pressure necrosis This results in a loss 
of holding powei However, with a di ill-hole equal to the root diameter at 
the base of a tapered sci ew, the threads near the tip will not engage any bone 
and the screw will suffer a loss of holding power To confirm these views, 
a number of screws weie extracted from human bone, using machine screws 
and ordinary wood screws (Table VI) 


Table VI 


MACHINE SCREWS WOOD SCREWS 

Farker-Kalon 




Holding Power 



Holding Power 

Actual 

Cortical 

Per 1/32 In 

Actual 

Cortical 

Per 1/32 In 

Holding Power 

Thickness 

Cortex 

Holding Pow er 

Thickness 

Cortex 

400 lbs 

10/32 in 

40 lbs 

240 lbs 

10/32 m 

24 lbs 

350 lbs 

9/32 m 

39 lbs 

160 lbs 

8/32 in 

20 lbs 

420 lbs 

10/32 m 

42 lbs 

180 lbs 

7/32 in 

26 lbs 

400 lbs 

8/32 in 

43 lbs average 

SO lbs 

140 lbs 

8/32 in 

22 lbs average 

17 lbs 
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These lesults do not agiee with Hawley’s'* conclusion that tapeiing screws 
hold best, but he insists the threads must be wide and deep, the sciews long 
and penetrating, these factois aie so essential that they moie than outweigh 
any slight loss from the tapering of his sciews 

Cojtical VeisHs Cancellous Bone — All oui deteiminations, up to this 
point, have been made upon the cortex of the bone, wheie the majority of 
screws are used m surgery However, the use of sciews aiound joints is 
becoming more common, and we weie anxious to discovei the difference in 
the holding powei of the sciews in poious bone as compaied to compact 
cortical bone Table VH shows a sti iking loss of holding j 50 wer m cancellous 
bone as detei mined upon a human leg Heie, it is obvious that the coaisest 
possible thread is advisable to iiisuie any appieciable liolding powei 



Tvbll VII 


Holding Power 


Actual 

Depth of 

Per 1/32 in 

Screw 

Holding Pow er 

Insertion 

Cancellous Bone 

Sherman 

64 lbs 

16/32 in 

4 lbs 

Parker-Kalon 

144 lbs 

16/32 in 

9 lbs 

Zimmer 

224 lbs 

16/32 in 

14 lbs 


It was also found that if only the thin overlying coitical bone w^as drilled 
and the sciew' allow^ed to cut its own w^a)’’ into the cancellous bone, the holding 
power of the sciew'' w^as nearly doubled 

Couect Dull Side — The coiiect dull size is a factoi of majoi importance, 
since the holding pow^ei of a sciew is m direct piopoition to the amount of 
bone engaged by the thieads When we attempted to find authentic data on 
drill size, we weie sui prised by the paucity of information in the hteiatuie, 
and the complete omission of this subject fiom the catalogues of the vaiious 
inanufacturei s of surgical supplies Appaiently, it was omitted because it was 
not known One of the things w'e have tried to evaluate, therefore, is the 
optimum drill size for each screw'^ 

Fiom a theoretic standpoint, it seemed to us that the couect drill would 
be one which made a hole equal to the root diameter, or shank of the screw 
A drill laiger than this would reduce the amount of bone engaged by the 
threads and a smallei one would make insertion of the screw'^ impossible 
The only screw’’ commonly used m bone w'^ork foi wdnch a dull size is men- 
tioned (Sherman’s) has a loot diameter of o 102 inch, and an outside diameter 
of 0138 inch The dull size recommended by him is a No 32, measuring 
0118 inch, which leaves but 0020 inch of thread to engage bone, or about 
55 per cent of the total thiead depth Cotton- recommends for this screw a 
No 30 drill, having a diametei of o 128 inch The disci epancy here lesults 
m a loss of some 70 per cent of potential holding pow ei 

It w’as difficult, or next to impossible, to stait some of the screws wnth a 
drill as small as the root diameter These screw's w'eie inserted under ideal 
conditions, wnth the bone w'ell-exposed and held fiiinly Such conditions do 
not obtain m the operating room wdiere fractures are difficult to hold and 
w'ounds deep We wished therefoie, to determine the optimum drill size for 
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each sciew, one which peimits easy application and affords maximum holding 
power 

Extractions were made from a series of drill-holes, vaiying m size from 
the root diameter to approximately the outside diameter of the sciew These 
were done in fresh dog and human bones, the results with the two types of 
bone, while varying in total holding power, correlated nicely (Table VIII) 

Table VIII 

DETERMINATION OF OPTIMUM DRILL SIZE 
Holding Power in Pounds Per 1/32 In Cortical Bone lotlh Various Drills 

Holding Power 
with Optimum 


Drill Size 

37 

36 

35 

34 

33 

32=»' 

31 

30 

29 

Size Drill 

Sherman 

46 

S8 

46 

S8 

58 

62 

62 

47 

36 

62 

Vitalhum (fine) 

45 

4S 

50 

50 

62 

60 

62 

so 


62 

Vitalhum (coarse) 

SO 

SO 

SI 

48 

60 

60 

60 

S3 


60 

Zimmer 

70 

68 

70 

72 

70 

75 

75 

70 


75 

Parker Kalon 

71 

70 

72 

80 

75 

60 

64 

S2 


80 

Venable Stuck (9/64 m ) 

16 

IS 

18 

i8 

17 

16 

13 



iS 

Drill Size 

47 

46 

45 

44 

43 

42 





Venable Stuck (7/64 in ) 

IS 

17 

16 

IS 

14 

14 




17 


* Drill sizes over columns containing highest numbers (in bold faced type) afforded maaimum holding 


Each dull was checked by a micrometer, and a variation of 0002 inch 
to o 00 inch was found While it seemed coi 1 ect theoretically, to use a drill 
size equal to the root diameter of the screw, it became obvious that this size 
drill made the application of most of the screws too difficult for practical 
purposes This was particulaily the case with the fine threaded screws and 
the Vitalhum screws — not as apparent with the Zimmer and Parkei-Kalon 
screws 

In most cases, there was an actual increase in the holding power of the 
screws when an optimal rather than loot size dull was used, although the 
formei is always slightly larger Probably this is because the larger dull 
makes the application of the sciew easiei and less likely to cause stripping 
of bone as the screw is inserted 

Another fact bi ought out m Table VIII, which seems impoitant to us, is 
the variation in holding power of the Vitalhum and Sherman screws as com- 
pared to the stainless steel coarse screws, as diffeient sized drills are used 
This further emphasizes the point made above, namely, with the Vitalhum 
and Sherman screws the application is difficult with small drills and one screw 
may go m well while the next may be inserted only with great pressure To 
insure good application with these screws the larger size dulls are necessary 

The effect of time on the holding power of these screws is seen by the 
curves shown in Chart i, which are self-explanatoi y It is obvious that loss 
in holding power with either stainless steel 01 Vitalhum screws is too slight 
to be of clinical significance, paiticularly, when we keep in mind the fact that 
most fractures which are immobilized in fair position exhibit bony union m 
eight weeks Table IX shows the percentage of loss in holding power at the 
end of ten weeks, after which screws will have served their purpose 
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WEEKS 
5-6 7 


10 


12 13 



80 


75 


70 


65 


60 

HOLDING 


POWER 

55 

OF SCREWS 

50 

IN 

45 

POUNDS 

40 

PER>" 

32 

35 

CORTICAL 

BONE 

30 


25 


20 


15 


10 
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Tablc IX 

n rrcT or timp on noLoiNr power or screws 


10 II IT 


Type of Metal 
Vanadium steel 
Vitaihum 
Stainless steelt 


Initial 

HoldinK Power 
n Lbs Per 
1/32 in 


Change in Holding Power by 'Weeks 


Percentage 
Loss of 

Holding Power 


Cortical Bone 

I 

2 

3 

4 

5 6 

7 

8 

9 10 II 

12 13 

in Ten Weeks 

49 

40 

34 

19 

9 

14 4 


17 

7 13 

S II 

74% 

52 

51 

S3 

54 


48 

43 

43 

38 


27% 

69 


64 

57 

59 

51 

S6 

49 

46 

39 

34% 


Table X shows drill measui ements, and is included here for convenience 


Tabi e X 


Drill No 

Diameter in Inches 

47 

0 

0785 in 

46 

0 

0810 in 

45 

0 

0820 in 

44 

0 

0860 in 

43 

0 

0890 in 

42 

0 

0935 in 

37 

0 

1040 in 

36 

0 

106s m 

35 

0 

noo in 

34 

0 

mo in 

33 

0 

1130 in 

32 

0 

1160 in 

31 

0 

1200 m 

30 

0 

1285 in 

29 

0 

1360 in 
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Our screw puller was not designed foi, noi capable of, pulling the screws 
used in fixation of fractures of the femoral neck , the strength of these devices 
has been thoioughly investigated by Compere 


SUMMARY AND CONCLUSIONS 

The variable mechanical factois of applying metal screws in bone have 
been discussed with the view of discovering the possible sources of error and 
failure m obtaining maximum holding Sufficient data has been presented 
to demonstrate our conviction that the mechanical aspects of this engineering 
problem are of great importance While it has been shown that a coarse 
threaded sciew is superior in holding powei to a fine threaded screw, it has 
also been shown that the charactei of the metal employed modifies this differ- 
ence Particularly, with cancellous bone, it is evident that the coarser threads 
are more advantageous A series of oi igmal determinations have been made to 
ascertain the correct drill si/e for the sciews tested (Table XI) 


Tablp XI 


Screw 

Correct 
Dnll Number 

Sherman 

31 or 32 

VitaUium (fine thread) 

31 or 32 

Vitalhum (coarse thread) 

3 t or 32 

Zimmer 

31 or 32 

Parker Kalon 

33 or 34 

Venable Stuck (9/64 in ) 

34 or 35 

Venable Stuck (7/64 m ) 

35 or 36 


The larger size should be used in especially hard 
bones othemise the smaller is recommended 


The holding power of sciews made of stainless steel or Vitalhum does 
not diminish sufficiently in ten weeks to be of clinical importance 

If the various factors aie caiefully conti oiled, six screws used in applying 
a plate to a “noimal femur,” set thiough both cortices, could resist a pull of 
as much as one and one-half tons' 


Since the Zimmer Manufacturing Company have changed their screw sufficient!}, 
since our work was done, the results as recorded do not now apply 
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MORBID INFLUENCES IN INTESTINAL OBSTRUCTION 
AND STRANGULATION 

Ian Aird, Ch M , F R C S 

Edinburgh, Scotland 

Intestinal obstruction remains one of the most rapidly lethal of surgical 
diseases Scuddei, Zwemer and Whipple,-'’ m 1938, studied a series of 2,150 
cases of acute intestinal obstruction and strangulation collected fiom a number 
of sources When heiniae and tumois had been excluded from that series, 
there remained 632 cases, of which 45 pei cent had pioved fatal In spite of 
phenomenal progiess in other branches of abdominal surgery, the mortality 
of acute intestinal obstiuction remained at a high, and almost unchanged, level 
for more than 30 years aftei the beginning of the present century, and the 
disease is still a challenge both to the suigeon and to the experimentalist 
The incalculable numbei of experiments in intestinal obstruction which 
have been perfoimed during the last quarter of a century have, howevei, not 
been fruitless As a direct result of animal and clinical experimentation, two 
powerful new weapons have been added to our therapeutic armamentarium — 
the nasal suction tube and the intravenous saline drip Powerful as these 
weapons are, it is wise to leahze then limitations Nasal drainage and intra- 
venous saline are beneficial m most cases of acute intestinal obstruction, and 
may be continued with benefit for days m simple occlusion of the bowel, for 
example, and m adynamic ileus In cases of strangulation, on the other hand, 
the need foi operative relief is much more urgent It is often difficult to 
distinguish simple occlusion fioin stiangulation clinically, and to peisist with 
conseivative measures in a case of internal stiangulation is to court disaster 
I have been impressed by more than one case of adhesive obstruction, treated 
by suction diainage and saline infusion for 24 houis or more, onty to piesent 
at operation a sti angulated and devitalized bowel , 24 hours of delay may mean 
the difleience between vialnlity and gangrene It is conceivable that, while 
the piesent vogue foi piolonged preoperative decompression and saline admin- 
istration may be expected to 1 educe the mortality of simple intestinal occlusion, 
it may actually lead to an increase in the mortality of internal stiangulation 
Even 111 simple occlusion of the bowel, patients still die wuth sufficient 
fiequency to laise the suspicion that we have something yet to learn of the 
iethal mechanism of the disease It may be that oui administration of saline is 
too haphazard and inexact, dosage formulae, such as those elaborated in the 
Department of Surgery of the Univei sity of Michigan,^'*^ certainly merit w ider 
adoption Whatevei the explanation, frequently a patient suffering from 
intestinal obstiuction is lost m spite of preopeiative nasal suction drainage, in 
spite of foiced intravenous salines, and in spite of an appaiently successful 
operation In these fatal cases, the ch loride content of the blood may be at or 
Submitted for publication September 2, 1939 
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neai a normal level just befoie death One is foiced to the conclusion that 
depletion of water and chloiides is not invaiiahly the sole lethal factor 

In the literature of intestinal ohstiuction, theie is a fiequent conflict of 
theories, and even of expeiimental ohseivations This is in gieat pait due to 
the complexity of the subject Intestinal obstruction is not a single disease, 
but a gioup of diverse diseases, a theoiy of the cause of death in duodenal 
occlusion is not applicable to volvulus of the sigmoid colon It follows, there- 
fore, that each variety of obstruction must be sepaiately studied, and the more 
exact our pathologic classification is, the moie accurate are our observations 
and deductions likely to be 

The following classification is sufficient^ inclusive for clinical pui poses, 
and detailed enough to be a basis foi expeiiment It must be remembered, 
howevei, that pure forms of ohstiuction, though easily produced m the experi- 
mental animal, are lelatively lare m clinical practice In strangulated henna, 
for example, the strangulated loop is also a closed loop , the bowel above the 
strangulation is occluded at the heinial ring, just as m low small intestine 
obstruction, ultimately, the whole small intestine dilates above the ohstiuction, 
and the vomiting of high obstruction is superadded upon the effects of a i da- 
tively low ohstiuction, finally, after relief of the sti angulation, the affected 
loop of bowel may fail to lecover its peristalsis, and we may have strangula- 
tion, small intestine obstruction, closed loop obstruction, and adynamic ileus 
all present together m a single case Of these various foims, one usually 
piedominates, and attracts suigical attention before the other foims have time 
to exercise then full pathologic effect In lapidity of effect, strangulation 
takes piecedence over closed loop ohstiuction, closed loop obstruction ovei 
simple occlusion of the lumen, and high occlusion ovei low occlusion 

CLASSIFICATION OF TAPES OF OBSTRUCTION 

A Simple Occlusion of the Lumen 

(1) High occlusion of the small intestine 

(2) Low occlusion of the small intestine 

(3) Colonic occlusion 
B Closed Loop Ohstiuction 

(1) Sterile loops 

(2) Heavily infected loops 

(3) Mildly infected loops 
C Strangulation 

(1) Short loops 

(2) Medium loops 

(3) Long loops 

A SIMPLE OCCLUSION 

(i) High Small Intestine Occlusion — High small intestine occlusion is 
the one form of intestinal obstruction m which experimental and clinical study 
has been completed In consequence of the work of Mauiy, Hartwell and 
Hoguet, Haden and Orr, Elman and Hartmann, Armoui, Jenkins, Wangen- 
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Steen, and a host of other -workers it is now recognized that all the phenomena 
of high small intestine obstruction are dependent upon the loss to the organ- 
ism of w ater and of inorganic ions w hich, poured into the stomach and duode- 
num in enormous quantities as digestue juice fail to pass bejond the obstruc- 
tion to be reabsorbed, as thej^ normalh are b) the intestine below The 
progressne loss of w'ater leads to an increasing dehydration which is manifest 
chnicall) in the drjness of the patients skin, the increasing thirst, and the 
diminution in urinary* output The blood becomes increasingly concentrated, 
the red cell count and the hemoglobin rise, and there is an increase in blood 
\ iscosit} and sedimentation rate 



Tablf I 

DOGS SCBJECTED TO HIGH SM^LL INTESTIM: OCCLUSION 

The iernnnal reduction in blood volume is in each case due to a loss of plasma (B> permission 

of the Bntish Joiimal of Surgerv ) 




Dura- 

Mean 

Reduction 

Reduction 

Reduction 

No 

Le\ el of Occlus'on 

tion 

Blood 

m Blood 

in Plasma 

in Cell 

of 


of 

Volume 

Volume 

Volume 

Volume 

E\oer 


Life 

(Cc) 

(Per Cent) 

(Per Cent) 

(Per Cent) 

I 

Terminal duodenum 

5 da\s 

1,030 

25 

43 

— 

2 

Below ampulla 

II days 

i,i6o 

14 

33 

— 

3 

Below ampulla 

6 daj s 

1,360 

23 

44 

7 

4 

Termmal duodenum 

13 da \5 

1,400 

30 

47 

— 

5 

Terminal duodenum 

9 dais 

1,180 

44 

32 

— 

6 

Below ampulla 

17 dais 

1,400 

18 

31 

— 


387 



IAN AIRD 


Annals of Sur^en 
September 19-11 


These sinking eftects of higli small intestine occlusion may even alter the 
blood volume, and they alter it in a veiy chaiacteiistic way Just before 
death, there is a remarkable i eduction (Chait i) in the volume of circulating 
blood If Table I is studied, it vill be seen that the terminal declension of the 
whole blood volume of dogs subjected to occlusion of the duodenum or uppei 
jejunum is determined whollj’’ by a i eduction of the volume of the plasma, and 
that the volume of the red cells lemams mitdteied It is profitable to compaie 
this table with the blood volume tables of low small intestine obstruction and 
of strangulation (Tables IV and VII) 

Dehj'dration is accompanied bj'^ demineialization The chloiide content of 
the blood and tissue fluid falls, and chloiides viituall)’^ disappear from the 
urine In an attempt to maintain the total electrocute content of the blood 
bicarbonate is withheld in the cii dilation, the bicarbonate content of the blood 
IS demonstrably elevated, and the carbon dioxide combining-powei is inci eased 
Alkalemia is thus established Meanwhile, as a diiect lesult of the general 
dehydiation, theie is an increase in piotein catabolism, and, before death, an 
elevation of the nonprotein nitiogen of the blood The whole morbid sequence, 
dehydration, demineralization, alkalemia, azotemia, is too familiar to requiie 
furthei elaboiation heie, and is fullj'^ pioved by a mass of clinical and experi- 
mental observation 

It is in the treatment of high small intestine occlusion (and in a less degree 
this applies to pyloiic occlusion) that duodenal drainage and the intiavenous 
saline dnp have then most diamatic effect In clinical practice, high small 
intestine occlusion in its purest form is seen in such conditions as postgastio- 
jejunostomy vomiting, vhen a loop of jejunum lunning to or from the stoma 
becomes kinked, and all the duodenal juices are vomited, oi in obstiuction of 
the uppei jejunum by bands oi adhesions in the upper pait of the root of the 
mesentery Rarei varieties of obstiuction at this level aie duodenal ileus 
volvulus neonatorum, congenital atresia of the duodenum oi duodenojejunal 
junction, and herniation into the paraduodenal fossae or lesser sac in the 
upper abdomen 

Most high obstructions are due to simple occlusion of the lumen, and only 
occasionally does one of the upper loops of small intestine become strangu- 
lated It must, however, be remembered that there are no clinical features to 
distinguish high occlusion fioin internal sti angulation of one of the upper 
loops of jejunum In cases of high intestinal obstruction, tlieie is always a 
possibility that the obstructed loop is a strangulated loop In consequence, 
unless the cause of obstruction is definitely known, and unless strangulation 
can be definitely excluded, it is unnise to continue duodenal drainage and 
intravenous saline infusion over too long a peiiod, the lestoration of water 
and chloride should be rapid, foi strangulation may be present, and the need 
for operation is then uigent 

(2) Lozu Small Intestine Occlusion — ^This foim of obstruction, the com- 
monest clinical variety, has proved a complex pioblem for both the experi- 
mentalist and for the clinician and it is safe to say that the precise cause of 
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death is not known Theie are a number of factois piobably responsible foi 
the deteiioration in the patient’s condition in most cases, and it is possible that 
the piedominant cause of death ma)^ vary from case to case Most of the 
available data concerning intestinal obstruction have been obtained fiom the 
experimental animal It should be reniembeied, however, that the cause 
of death of an animal suffering from untreated obstiuction is not neces- 
saiily the same as the cause of death of a patient whose obstiuction has been 
leheved by opeiation Oui patients suffering fiom acute obstruction are now 
invariably tieated by opeiation, and deaths from acute intestinal obstruction 
now are postoperative deaths W e, of this generation, have virtually no expei i- 
ence of low small intestine obstiuction untieated by opeiation, and oui only 
knoAvledge of the full, fatal course of the untreated disease is obtained fiom 
animal expei iment 



CitvKT 2 — Low small intestine occlusion in the (lop Showing no reduction in blood volume, plisnn 
volume, or cell volume at the time of death (By permission of the British Journal of Surgerj) 

Duiing the last centuiy, befoie operative relief became the standard treat- 
ment of acute intestinal obstruction, the patient suffering from acute, low 
small intestine occlusion died, as a rule, toward the end of the third, or during 
the fourth week of his illness The duration of life then r\as the same as it is 
in the untieated experimental animal to-da}'^ Even the patient suffering from 
internal sti angulation lived into the second or third week after the appearance 
of sjmptoms To-day, the sufferei fiom low obstiuction comes under the 
suigeon’s care aftei a few days or at most, a \veek of illness, his obstruction 
is relieved, and, if he dies, he dies within 24 to 48 hours postoperatne Fatal 
cases die sooner after the onset of obstruction to-daj than they did a cen- 
tury ago 

The treated and the untreated cases of intestinal obstruction present sep- 
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arate problems, and require separate methods of study The cause of death 
m unielieved cases will be discussed hrst, and the cause of death m the case 
which IS submitted to opeiation will be considered subsequently 

I Umelieved Small Intestine Occlnnon — The animal or man suffering 
from untreated low small intestine occlusion lives for a period of three or foui 
weeks, during which a number of separate factois combine to produce a 
gradual deterioration m his general condition and vitality Each of these 
morbid factois will be dealt with in turn 

Salt and H atei Loss — In obsti uction of the lower ileum, the loss of watei 
and chlorides, while perhaps impoitant m many cases, cannot be held wholly 
responsible for death Even m the late stages of the disease, dehydration is 
often relatively slight (Chart 2), and it is laie to find a reduction of more than 
25 per cent m the blood chlorides In occlusion at highei levels, wdiere chloride 
loss IS the mam or sole cause of death, the blood chlorides often reach an agonal 
level of 50 per cent Many cases of low' small intestine obstruction — the 
majority of them in my experience — die w’lth no great alteiation m the chloride 
content of the blood, wnthout a high degree of alkalemia, and wnth little, if any, 
elevation in the nonprotem nitiogen of the blood In some cases, no change 
whatever is demonstrable in the blood chemistry 

Certain cases of low small intestine occlusion do, of conise, present a con- 
siderable water and salt loss Vomiting is relatively late, but, above the 
obstruction, intestinal juices accumulate m the loops of bowel, and distend 
them so that the veins in the bow'el w'all aie congested, the mucosa becomes 
edematous, and theie is a piogiessive inciease m the secretion of juice from 
the intestinal glands Watei and electrolytes, accumulating m the lumen of 
the bowel, are lost to the organism just as suiely as if they were immediately 
vomited In such cases as these, dehj'dration and chloride depletion requne 
treatment, and they perhaps play some part in the so-called “toxemia” of 
obsti uction Yet administration of water and chlorides does not gieatly pro- 
long the life of a man 01 of an animal suffering from umelieved simple 
occlusion of the low'er ileum 

The duodenal tube, too, invaluable in high intestinal occlusion, has some 
application in the treatment of low occlusion Through a nasal suction tube, 
the duodenal juices may be withdiawm, and may so be prevented from descend- 
ing into the distended lower loops of bow'el and adding to the stagnant 
intestinal content The most distended loops of bow'el, how'ever, are those 
which lie immediately above the obstructing agent, and it is difficult, in most 
cases, to decompress these lower loops satisfactorily by w'ay of a duodenal 
tube These low'er distended loops appear to be m themselves mainly respon- 
sible foi the so-called “toxemia” of low' small intestine occlusion, and their 
distention may cause death long before the loss of fluid and salt into them has 
given rise to any degree of dehydration or hypochloremia The cause of 
death m low small intestine obsti uction must be sought in the distended 
bowel loops 

Peifoiatwn and Pentomtis — In the experimental animal, the course of a 
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low small intestine occlusion is fiequently teiminated by a perfoiation of the 
distended bouel, and peiitomtis This cause of death is not commonly seen 
now m man, since the patient comes to opeiation. in the vast majority of cases, 
before peifoiation occurs Reference to any text-hook of suigery written 
dm mg the last century will convince the readei that peifoiation of the ileum 
fiom a stercoial ulcei was relatively common as a teiminal event m unrelieved 
low small intestine occlusion then, just as it is to-day m the experimental 
animal 

Reflex Ne) volts Coitscs — It has been contended that leflex depression of 
the circulation by sensoiy impulses fiom the distended bowel plays an impor- 
tant pait in low intestinal ohstiuction, hut until recently theie has been little 
evidence in favor of this theoij' Heirm and Meek^® succeeded m establishing 
a distention of bowel without any occlusion of the gastro-mtestmal lumen 
They isolated a bowel loop and i econstituted the lumen of the intestine aiound 
it The isolated loop was then anastomosed to the reconstituted bowel on the 
one hand, and hi ought out on the skin surface on the othei (The fistula 
produced m this way is knoivn as a Thii3'-Vella fistula ) Into this isolated 
loop a balloon w'as inserted and inflated The balloon distended that pait of 
the loop 111 -which it lay, hut the hoivel on each side of the balloon diained 
satisfactorily, either into the mam intestinal canal or on to the skin suiface 
Balloon distention of this kind was found by Hen in and Meek to be rapidly 
fatal, producing a seiious diminution of the blood chloiides and elevation of 
the nonpiotem nitiogen This effect of distention on the blood chemistry 
Herrin and Meek believe to he due to a leflex hypei secretion of intestinal 
juice Deneivation of the distended loop permitted the animal to live almost 
indefinitely These expeiiments w'eie lepeated by Taylor, Welch, and Har- 
nson,®’^ who confiimed the fatal effect of balloon distention of a Thiiy-Vella 
loop, but were not successful m piolongmg life by denervation of the dis- 
tended bow^el 

In several experiments, I hare maintained balloon distention of Thiiy- 
Vella fistula loops, and have not found that distention, in itself, is necessarily 
fatal In one animal, a balloon inserted into a Thiry-Vella loop was main- 
tained at a high state of tension by repeated inflation, yet the animal con- 
tinued to live, rvithout seiious symptoms, foi 35 days, rvhen it rvas sacrificed 
During this rvhole period, the balloon within the fistulous loop was palpable 
as an abdominal tumor, yet no seiious s^'inptoms aiose This single expeii- 
ment is almost sufficient m itself to suggest that afferent impulses fiom the 
obstructed bowel have little, if anything to do with the so-called “toxemia” of 
low obstruction 

Splanchme Congestion — Loss of blood and plasma into the rvall of the 
distended, congested bowel above a simple occlusion has been said to occasion 
a depletion of the circulating blood volume, and has been blamed for death in 
cases of lorv occlusion The evidence upon -wdiich this theory rests is to he 
found only in groups of expeiiments in which the wall of obstructed bowel is 
weighed, and the amount of fluid and blood lying m it estimated Actualljq 
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even by thib method, when the distended portion of the intestine above the 
occlusion IS compared m weight with collapsed bowel below, the gam m weight 
of the distended loop from the blood m its congested vessels and the plasma 
m its edematous wall is i datively small when expressed as a percentage of 
the blood volume 

Table II 

LOSS or ErrECTivE circulating blood volume in simple low small 

INTESTINE occlusion 


Degree of splanchnic congestion measured by a comparison of the weights of loops of equal length 
taken from above and from below the occlusion after death (Bv permission of the Edinburgh 

Medical Journal) 
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84 
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Table III 

loops or SMALL INTESTINE OF CATS ISOLATED BY DOUBLE LIGATION AND INVAGINATION AND 
PERMITTED TO DISTEND AS CLOSED LOOPS 

Lengths of bowel equal in length to the closed loops were marked off at the time of establishment of 
the obstruction by seromuscular stitches of silk, and after the death of the animal were compared 
in weight with the closed loops A simple occlusion of the lumen was avoided in these animals by 
ihort-circuiting the small intestine around the closed loop 
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I 

One-half 
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One-half 

85 0 

21 0 

64 
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37 

3 

One-quarter 

47 4 

II 4 

36 
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17 
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One quarter 

41 0 

14 0 

27 
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5 

One-eighth 

23 5 
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15 
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10 


In Table II, it will be seen that if an occlusion is established in the middle 
of the small intestine, the sum of edema-fluid and blood lost into the upper 
distended half above the obstruction amounts to only 1 1 per cent of the blood 
volume The whole length of small intestine similarty distended would pre- 
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sumably accommodate a volume of edema-fluid and blood equivalent to little 
over 20 per cent of the blood volume Even if this loss were of whole blood, 
it would be compaiable with the blood lost m a consideiable, but certainly not 
in a serious, henioiihage The theory of splanchnic congestion, however, has 
gained so much suppoit, and the measuiement of blood lost by the weighing of 
distended bowel loops is admittedl)' so inaccui ate, that it was felt necessary to 
estimate diiectly the eftect of splanchnic congestion on the blood volume In 
a series of animals, the blood volume was measmed on seveial occasions 
befoie the establishment of low occlusion, and at repeated intervals in the 
suivival peiiod aftei the opeiation had been peifoimed Illustrative lesults 
are shown in Table IV Most of the animals died with no alteiation whatever 
in the volume of the whole blood or plasma, and even v^hen death was obvi- 
ously impending theie was no such i eduction m blood volume as occurs in 
extensive sti angulation, foi example, or m high small intestine obstruction 
Foi this leason, I believe that the loss of blood and plasma into the congested 
and edematous wall of the obstiucted bowel is not the mam cause of death m 
low small intestine occlusion 


Taulu IV 

ILLUSTRATIVn DA.TA FROM DOGS SUBJCCTCD TO LOW SMALL INTLSTINE OCCLUSION 

In Dogs Nos I and 4 death has occurred svtlh no reduction uhateeer in blood volume In Dog^ 
Nos ? and 3 there is a considerable reduction in blood volume, in plasma volume, and in cell 
volume In these animals, the small intestine was distended to the point of nonviability — a degree 
of distention-congestion rarely seen in man (By permission of the British Journal of Surgery) 
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It IS necessary to add, howevei, that m a ceitam piopoition of animals the 
blood volume is to some extent depleted befoie death and that the depletion 
affects both plasma volume and cell volume This occuis only when intestinal 
distention is extieme, and when the congestion of the bowel wall is so great 
above the obstruction as to suggest incipient devitalization Such a marked 
engorgement of obstiucted intestine, frequently seen in the laboratory animal 
suffering fiom intestinal occlusion, does not commonly occui now in man In 
the untreated case before the days of modei n surgery, however, it would appear 
from the liteiatuie that gross congestion of the bowel was common at the time 
of death, and a considerable blood loss may have been present in these cases, 
just as it now is sometimes m the experimental animal 

Potassium Poisoning — Scudder and his cowoikeis"^ have blamed potas- 
sium poisoning for the lethal effects of intestinal obstruction They have 
shown that in a ceitam numbei of cases the potassium content of the blood is 
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elevated both in clinical and in experimental cases of intestinal occlusion 
Scuddei suggests that the elevation of blood potassium is associated with 
adienal insufficiency, and lecalls that Wohl et al examining the adrenal 
glands in obstiucted animals, found a depletion of the cells of the cortex It 
should be observed, however, that m only seven out of 20 of Scudder’s cases 
was the plasma potassium elevated, and in only five instances was the blood 
potassium raised Elevation of potassium, therefore, does not seem to be an 
essential factor 111 intestinal obstruction Scudder found the blood potassium 
more altered in cases of high occlusion than 111 cases of low occlusion, and it 
IS notewoithy that Wohl et al observed coitical depletion only in those dogs 
suffering fiom intestinal obstruction which weie not treated by saline Saline 
treatment seems to prevent adi enocortical depletion It seems possible, there- 
fore, that the alteration in the adrenal glands and m the potassium metabolism 
may be a function of chloride loss 

It has been shown that adrenocortical exti act may be given with benefit in 
cases of intestinal obstruction, hut this is m itself no proof of adrenal defi- 
ciency The beneficent effect of coitical extract may be due purel}'^ to the 
mobilization of chloride which it occasions It certainly appears to be most 
effective in cases of high small intestine obstruction where the blood chloride 
IS low 

Toxemia — Fiom time to time various toxic theories have been elaborated 
to explain the lethal effects of intestinal obstruction, the most recent pi oponent 
of the toxemia theory being M J Bottni,^- of Liege, who suggests a toxemia 
of pancreatic origin to explain not only ileal obstruction, but high small 
intestine obstruction as well It has never, however, been shown by injection 
methods that any toxins circulate in the blood of men or of animals suffering 
fiom intestinal obstruction, noi, indeed, is this theory of toxemia supported 
by Cl oss-circulation experiments This negative statement is no pi oof, of 
course, that toxemia does not occur In an animal suffering fiom such a defi- 
nite toxemia as diphtheria or strychnine poisoning, foi example, it is difficult 
to prove, by injecting that ainmars blood into anothei animal of the same 
size, that the blood has toxic properties The apparent absence of toxic prop- 
erties fiom small quantities, or even large quantities, of blood is no evidence 
of the absence of toxemia 

There is, however, one nnpoitant argument against the presence of a 
toxemia in the patient, or animal, who suffers from intestinal obstiuction 
That aigument is that all absorption is retarded m distended bowel loops 
Theie is no question that many chemical and bacterial toxins are present in the 
lumen of an obstiucted bowel, just as they aie present in the lumen of a normal 
bowel, but in neither case does absorption of that toxic material appear 
to occur 

Let me recall an nnpoitant classic experiment of Braun and Boruttau 
which demonstrates how much absoiption is lessened in a distended bowel 
loop If, in an expeiimental animal, a bowel loop is isolated and distended 
wnth saline until congestion occurs in the wall of the loop, a fatal dose of 
strychnine injected into the lumen of the distended loop does not produce any 
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symptoms of strychnine poisoning The stiychnme has failed to pass fiom 
the lumen of the distended loop into the blood stieam A similai retaidation 
of absorption has been shown for electiolytes and for certain dyes“’^’ 
So, in intestinal obstiuction, it seems unlikely that theie is a passage of toxin 
from the lumen of the distended bowel to the blood stream 

It might be aigued that, though diiect absorption from the lumen of the 
bowel to the blood stream is delayed in the piesence of intestinal distention, 
lymphatic absoiption fiom the distended bowel is accelerated by the congestion 
\\hich occurs in its wall Wangensteen has shown expeiimen tally, howevei, 
that ligation or division of the lymphatic pedicle draining a distended bowel 
loop does nothing to prolong life 

Staivahon and Ahmentajy Depletion — This factoi in the moibidity of 
intestinal obstruction has leceived insufficient attention The patient who 
presents nowadays with low small intestine occlusion has been ill for only a 
few days, as a rule, and a few days’ staivation cannot be responsible then for 
a fatal issue, though it should be remembered that even a day oi two of staiva- 
tion exaggerates the general effect of any foim of trauma oi disease Pievi- 
ously, however, when the patient lived untreated for thiee weeks oi more after 
the onset of obstiuction, staivation must have been an impoitant factor, just 
as it IS, no doubt, in the expeiimental animal suffering from low small intestine 
occlusion to-day In the presence of acute obstruction, the patient oi animal, 
as a rule, refuses food, but even if food materials are ingested they are not 
absorbed The intestine above the obstruction is distended, cii dilation is enor- 
mously slowed in the bowel wall, and the mam function of the intestine, that 
of absorption, has come to a standstill Not only the watei and chloride con- 
tent of the intestinal juice, but the products of digestion, the cholahc acid, the 
glycine and the taurine of the bile salts, the lipoids (cholesterol and lecithin) 
of the bile, failed to leach the circulation The steady loss of these substances 
ovei a period of two or three weeks amounts to a serious ahmentaiy depletion 

We have attempted, in the experimental animal, to overcome the factor of 
alimentary depletion by the intiavenous administration of chyle B M DiclA^ 
fiist suggested that chyle might prove a suitable food mateiial for intravenous 
injection m marasmus and othei forms of cachexia, and his suggestion has 
been applied to the tieatment of dogs suffering from intestinal obstruction 
Laige quantities of chyle were collected, and were injected intravenously into 
obstructed animals 

Technic of Collection of Chyle foi Inti avenoiis Admmisti ation to an 
Obsti acted Animal — The difficulty m these experiments was to obtain a suffi- 
cient quantity of sterile ch>le It was considered that, by the production of 
chylothorax in healthy animals, reservoiis of chyle might be obtained, to be 
tapped at convenient times by paiacentesis thoracis Chylothoiax, however, is 
difficult to produce expei imentally Mouchet-^ succeeded m obtaining chylo- 
thoiax only twice m a long senes of animals, by the establishment of a simple 
fistula between thoracic duct and pleuial cavity, and even in these two cases 
the chylothorax was transitory 

In our eailier experiments, it was found that if the thoracic duct is merely 
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divided and its lower end tiansplanted into the pleuial cavity, the communica- 
tion between duct and pleuia rapidly closes Appaiently, after division of the 
thoracic duct, othei anastomotic b^phatic channels open, and a new route is 
established for the passage of chyle from the abdomen to the great veins of 
the neck It was felt that, in addition to an anastomosis between thoracic duct 
and pleuia, some means must be found of pi eventing chyle from reaching the 
gieat veins by alternative routes The simplest method of interfering with 
the diamage of chyle into the veins of the neck appealed to be by the ligation 
of the supeiior vena cava Ligation of the left innominate vein did not suffice 
to produce an actual stasis, since, in the dog at least, there appears to be a 
subsidiary loute for chyle by way of the light lymph duct to the right innom- 
inate vein The following method was, therefoie, elaborated The right 
pleural cavity was opened, and the thoracic duct identified in the lower 
mediastinum The mediastinal pleura was then torn thiough with an aneurysm 
needle, and the thoracic duct cut across The superior vena cava was then 
ligated in the upper part of the mediastinum, and the vena azygos was also 
ligated towaid its termination Aftei this operation, a chylothorax developed 
on the light side in neaily ever}'’ case The pleural cavity was tapped daily 
aftei the operation On the first few occasions, a thin, blood stained fluid was 
withdiawn, but, later, white, milky chyle was obtained Sometimes as much 
as 500 cc of chyle was obtained daily from the larger dogs The chyle 
obtained in this w'ay clotted soon aftei wuthdraw'al if left at room temperature, 
and the addition of citrate did not, of couise, prevent coagulation It was 
found, however, that if the chyle w'as placed m a refrigerator immediately 
after withdiawal, coagulation was largely avoided Our routine practice, 
therefore, was either to inject the chyle obtained immediately, or, better, to 
leave the chyle at a refiigerator tempeiatuie of i° or 2° F for a day or two 
Before injection, any coagulum was remoA^ed by filtration 

In this way, a constant leservoir of chyle w'as available A number of 
animals were subjected to low'^ small intestine occlusion, and were treated by 
the daily intiavenous injection of chyle It w'as found that in no case did the 
chyle exeicise an obvious toxic effect The average daily dose of chyle was 
arbitral ily fixed at 30 pei cent of the estimated blood volume of the lecipient 
dog Fn'e dogs w'ere treated in this way One of these died after a peiiod of 
ten days Tavo othei dogs lived foi a period of three Aveeks One dog lived 
until the thirty-fiist day, and in the fifth animal, death Avas postponed till the 
thiity-fifth day All five animals died of peif oration of the small intestine, 
and peritonitis The statistics in this series aie not, of couise, conclusu'e, 
suggestive as they are, they aie best left Avithout comment They perhaps 
indicate, hoAvever, that the tiansfusion of chyle as a treatment of alimentary 
depletion and staivation might proA^e a fiuitful field for iiiA'^estigation 

II The Cause of Death in Cases of Low Small Intestine Occlusion aftei 
Opeiatwe Relief of the Ohstiuction — It has already been mentioned that no 
definite toxemia has eA'ei been proA'ed to be present during the actual presence 
of an abdominal distention 01 obstiuction There is, hoAvever some evidence 
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that a toxemia may lesult fiom the sudden deflation of distended bowel loops 
We are all famihai with the clinical case of intestinal obstiuction in which 
the patient is admitted to hospital lelatively eaily m the disease, with a con- 
siderable abdominal distention, but yet in a fairly good geneial condition 
Operation is pei formed, and the obstruction is successfully leheved After 
opeiation, the abdomen loses its distention to some extent, yet the patient 
gradually sinks into a listless apathy the pulse late uses, the blood piessure 
falls, and in an houi oi two, oi in a day oi two, the jiatient dies The patients 
who die from intestinal obstiuction nowada3^s die, as a rule, aftei an operation 
has been peifoimed 
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Chart 3 — DemonstrTting thTt induction of distention and congestion of small in 
testine causes a fall in svstolic pressure, apparently the result of splanchnic congestion 
Relief of distention and congestion after a fe%\ minutes is followed b> elevation of 
svstolic pressure, as a result of the return of blood from the congested bowel to the 
general circulation (Cf Charts 4, 5 and 6 ) 

The same phenomenon is seen clinically m an even moie extreme degiee 
m cases where a sti angulation is relieved by operation, and it is seen in its 
most charactei istic foim aftei reduction of an intussusception Theie are 
cases of intussusception in which, at operation, the intussusception is i educed, 
and the intussusceptum, obviously still viable, is returned to the abdomen, 
after opeiation, within 24 hours, as a lule, the temperatuie and the pulse rate 
rise, the systolic blood pressure falls, the patient becomes pale, sometimes list- 
less, sometimes excited, and death may occui This alaimmg phenomenon 
sometimes happens rapidly, and it may even occui on the operating table It 
IS notorious that the postopeiative couise of an intussusception is likely to be 
more serious if the invagination is difficult to 1 educe, and if the intussusceptum 
has to be forcibly squeezed out fiom its sheath by a long-continued 
manipulation 

The rapid and lethal depiession of the systolic blood pressuie which may 
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follow relief of an intestinal obstruction A\as seen with greater frequency in 
former times, when attempts were made by aspiration of distended bon el 
loops to empty these loops rapidly at operation, and when it nas customary to 
milk down distended bowel at operation, to evacuate it Let us examine 
whether the postoperative deaths in intestinal obsti uctioii are due simply to the 



Effect" of dc fUhon of oiT>c.lt intcfttine ^ftcr 18 Viro ^ 


Chart 4 

Charts 4 5 and 6 — Demonstrating tint release of a long continued 

distention congestion of bowel in the dog is followed bj a serious and some 
times fatal depression of the s%stolic pressure 



DlAgro-Tnotic. Curve sbowm^ cfftct" on BP of docj of rcleoce of o dis^&nhon 
of wholfe Smcklt InrcsUnc oV ' Qo mm Hc^ for \' J hours 


Chart 5 

shock of an abdominal operation performed upon a seriously ill patient, or 
whether there is a specific depressor factor in the actual release of obstruction 
It has been possible, experimental!}’’, to produce a depressor effect in ani- 
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mals by the sudden lelief of intestinal distention - ^ If the whole small 
intestine of an animal is lapidly inflated to the point of cyanosis, theie is a 
sudden depiession of the systolic blood piessuie This appeals to he due to 
the loss of effective ciiculating blood into the distended vessels of the inflated 
bowel, and is an effect of splanchnic congestion, aftei its initial depiession, 
the blood piessuie usually uses again quite rapidl} to normal If the dis- 
tended houel IS suddenl} collapsed soon aftei its inflation, its congestion 
quickly disappeais, its engoiged veins empty, theie is an inci eased blood letuin 
to the heait, an augmentation of the ciiculating blood volume, and a transient 
use in blood piessuie (Chait 3) If, howevei, the intestinal distention is 
maintained foi a long period, and is then lapidly released, there occurs, not an 
elevation, hut a depiession of the blood piessure (Chaits 4, 5, 6 and Table V) 

Table V 

EAPERlMENTS SHOWING EEfrCT OP RELEASE OE DISTENTION-CONGESTION OE BOWEL 
Early relief leads to increased return of oenous blood from congested bowel to heart Systolic 
pressure rises {protocols Nos i to g) The delayed relief of long-continued distention-congestion 
IS followed by vnprooement in color of bowel, presumably by increased blood return to the heart, 
but by a depression instead of an eleoahon of the systohc pressure This suggests the return of a 
depressor substance to the general circulation from the preoxously obstructed intestine {Exper 

Nos 10 to 14) 
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The fall in blood piessure in these animals occuried even after the complete 
denervation of the bowel, eithei by division of the mesenteric nerves or by 
bilateral excision of the sympathetic trunk and double vagotomy When the 
distended intestine is deflated, the distended intestinal veins empty, blood 
returns from these veins to the geneial circulation and augments the blood 
volume, and yet, instead of a rise of blood pressure, there is a fall, which is 
sometimes progiessive over a period of some horns, and which is occasionally 
fatal This fall in blood pressure would appeal to be due to the passage of 
toxic depressor material into the blood stieam Toxic material from the lumen 
has, during distention, diffused into the tissue fluids of the bowel wall, but has 
failed to enter the blood stieam, because of the intestinal congestion which is 



Dog m tct of sodden >-6l£a.tt &r>-oW^ of as 

inIVAmtestin&l pressure of QOmm for 

16 hours 


Chart 6 

jiresent On the relief of congestion, the tissue fluid, bearing the toxic mate- 
iial which it has acquired dm mg distention, enters the intestinal capillaries and 
returns with the intestinal blood to the general circulation, to exercise a 
depiessor effect 

Braun and Boiuttau lecorded an ingenious and dramatic experiment which 
IS of some value in this connection As I have already mentioned above, 
Braun and Boiuttau found that a lethal dose of strychnine could be injected 
into an isolated and distended bowel loop m the experimental animal without 
the appearance of symptoms, piovided the mtra-intestinal pressure was suffi- 
ciently high m the isolated loop They showed, however, that sudden deflation 
of the strychnine-containing loop was followed, as a lule, by the immediate 
appearance of stij’^chnine convulsions, and by the early death of the animal 
The effects of sudden deflation of a distended loop containing strychnine were 
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almost as lapicl as the efifects of intravenous injection of the drug Biaun and 
Boruttau explain these expeiiments in this way They considei that, during 
distention, the strychnine passes into the stagnant tissue fluid of the congested 
wall of the distended bowel, but fails to pass into the blood stieani, because of 
the sluggishness of local cii dilation in the bowel As soon as the distention 
and congestion of the bowel loop aie leheved, however, the local circulation 
lecovers, and stiychnme is able now to diffuse lapidly fiom the tissue spaces 
into the blood stieam It appears likely that, m intestinal obstruction, toxic 
inateiial fiom the lumen behaves m the same way During distention it passes 
into the tissue spaces of the bowel wall, but succeeds m leaching the blood 
stieam only when the local circulation in the bow'el is improved by deflation 
The nature of the toxin wdiich pioduces a depiessor, and sometimes a 
lethal, effect on the expeiimental animal aftei the lelief of an obstruction is not 
known Blood collected fiom the poital vein and fiom the mesenteric veins 
dm mg deflation of a distended bow'el loop has been showm to have sometimes 
a depiessor effect wdien injected into othei animals'* It can thus be fairly 
aigued that, while no pi oof has ever been offeied of a true toxemia during 
intestinal distention, theie is considei able evidence that a lapid toxemia may 
occur soon aftei the relief of intestinal distention 

One important principle emerges — the immediate lelief of an eaily obstiuc- 
tion IS beneficial — a low blood pressure will rise Sudden lelease of a long- 
continued distention of the bow^el, wnth severe intestinal cyanosis, is likely to 
be follow'ed by a perhaps dangerous fall in blood pressure, and some part of 
the present (postoperative) mortality of obstiuction may be explained by the 
depiessoi effect of sudden lelief of intestinal distention-congestion 

The results of sudden intestinal deflation are an important argument against 
aspiration of distended bowel loops at operation, and the milking down of 
distended boivel to empty it forcibly, Storck and Ochsner^® have demonstiated 
how' serious a depressor effect such mechanical decompiession of the intestine 
may have on the carotid blood pressure in the experimental animal 

The depiessor effect of deflation in the experimental animal may suggest 
that any foim of relief of a long-continued obstruction may not be without 
danger The risk of sudden decompression of distended bow'el has been par- 
ticularly stressed by Wheeler,^** wdio points out that wdierever fluid is present 
under tension in the body a sudden evacuation of the fluid may have a serious 
effect , Wheelei advocates that distended bowel m obstruction be decompressed 
as slowly as the pleural cavity m empyema, oi the distended bladdei in reten- 
tion of mine Our experiments m deflation of bowel strongly support 
Wheelei ’s contention The surgeon wdio accepts the validity of our aigument 
IS on the horns of a dilemma when faced with an acute intestinal obstruction 
of long standing On the one hand, he cannot permit obstruction to continue, 
and on the other, he is aware of the possible risk of sudden release of the 
obstruction Time alone wall pioduce a satisfactory solution of this problem 
In the meantime, the expeiiments described strongly support recent sugges- 
tions for slow decompression of distended bow el, either by preoperative nasal 
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suction drainage, as suggested by Wangensteen, or by some form of con- 
trolled enterostomy which permits the distending gas to escape, only gradually, 
over a period of some hours 

Let it be understood, finally, that this demonstration of a toxemia which 
follows upon the sudden relief of a long-continued intestinal distention can be 
applied only to the postoperative toxemia of acute intestinal obstruction 
There is no evidence that an actual toxemia is present during the presence of 
an unrelieved intestinal distention It might be argued that, during distention, 
a sudden wave of peristalsis passing over the distended bowel might squeeze 
from it, into the ciiculation, some of the toxic products which appear to he 
within its wall Peristalsis may perhaps have the same effect during an obstruc- 
tion as do milking and stripping of the bowel at the time of operation A 
theory of an intermittent toxemia due to the entry into the circulation of toxic 
material from the bowel with each vigorous peristaltic wave must remain a 
matter of conjecture The othei morbid factors which have been shown to be 
present throughout the relatively long course of an untreated low small intestine 
obstruction are sufficient, however, to explain death, and there need be no 
resort to a hypothetic, intermittent toxemia in these cases 

(3) Colomc Occlusion — Colonic occlusion is particularly well tolerated in 
experimental animals, and dogs with a complete obstruction of the lower colon 
may live without symptoms for as long as a month This is hardly comparable, 
however, with colonic occlusion as it occurs, typically, m man The cause in 
man is usually cancer, and acute obstruction, when it supervenes, occurs only 
as the culmination of a long-continued, subacute obstruction, as a rule The 
bowel has already been dilated, its muscle wall hypertrophied, and the mucosa 
not infrequently the seat of stercoial ulceration before obstruction becomes 
complete Furthermore, the patient is frequently in poor general condition, 
and sometimes even cachectic For this reason, colonic occlusion is a more 
serious form of obstruction in man than it is in the experimental animal If 
the occlusion becomes complete, the intracolonic pressure rises to a high level, 
but the ileocecal sphincter remains competent until a late stage Ultimately, in 
most untreated cases, the pressure rises to such a high level within the colon 
that perforation of its wall occurs, the perforation being situated, as a rule, in 
a stercoial ulcer of the cecum In most cases of colonic occlusion, no signifi- 
cant alteration occurs m the blood chlorides, the blood volume, the bicarbonate 
content, or the blood urea 

B CLOSED LOOP OBSTRUCTION 

Closed loop obstiuction has specially lent itself to experimental study, and, 
as Wilkie first observed, the pathologic course of a closed intestinal loop 
depends upon the degree to which its contents are infected by bacteria 

(i) Loops with Steiile Content — The best examples of the sterile loop in 
man are mucocele of the appendix, cyst of the vitello-mtestinal duct, and the 
various enterogenous cj'^sts As a rule, when a sterile loop of bowel is isolated 
from the intestinal tract, it dilates gradually with mucus, and no general effects 

402 



Aoiumeii-i INTESTINAL OBSTRUCTION 

Number > 

follow In the experimental animal, an isolated bowel loop can be eifectively 
steiihzed, and, m most cases, after its ends aie closed, it dilates, as a similar 
loop does in man — as a mucocele In only a few cases does the loop distend so 
rapidly with mucus that vasculai changes occui in its wall, and the animals die 
aftei thiee or four days (Tayloi*^^) 

(2) Closed Loops zvith Heavily Infected Content — Wilkie’s^® second foi m 
of closed loop obstiuction is best seen clinically m obstiuctive appendicitis 
Such a loop contains giossly infected fecal matter, and is closed at both its 
ends The oiganisms within it multiply rapidly, gas accumulates in the lumen, 
the piessure within the loop uses lapidly, fluids and leukocytes are poured into 
the lumen, and a pyocele, 01 empyema, foi ms Soon the increase m pressure 
inter fetes with the local circulation, organisms entei the devitalized bowel 
wall, and gangiene, perforation and peritonitis follow Other things being 
equal, a small infected loop is moie liable to eaily peifoiation than is a long 
one, perhaps because a small loop accommodates itself less easily to a rapid 
increase m the volume of its content, and moie lapidly develops a high 
piessuie within it 

(3) Closed Loops ivith Mildly Infected Content — Loops of this sort are 
seen between multiple strictures of the small intestine and in heimae which are 
obstructed but not yet stiangulated In the clinical case m man, a closed loop 
IS always complicated by a simple bowel occlusion above it, but in the experi- 
mental animal closed loops can be prepaied without a complicating occlusion 
The closed loop is in that case shoit-circuited by anastomosis, and is sometimes 
emplo3'ed in the study of the so-called “toxemia” of obsti uction The closed 
loop distends in the course of a few days with foul gas and with dark-brown, 
blood stained fluid, whose constituents include intestinal juice, leukocytes, frag- 
ments of dead epithelium, whole blood and bacteria The intialoop tension 
leaches an enoimous level, sometimes as high as 70 cm of water, because the 
closed loop cannot relieve the pressuie Avithin it bj’^ evacuation of some part of 
its content upwards, as the distended bowel above a simple occlusion can The 
mtra-intestinal pressuie within a closed loop rises more rapidly and to a 
highei level than does the pressure in the bowel loops above a simple occlusion 
The walls of the loop are tense and congested and edematous, with bacterial 
invasion and leukocyte mfiltiation The mucosa is necrotic and ulcerated, as a 
result of the high tension within the loop, and cyanosis is soon obvious in it 
The muscle coat is flabby and inflamed, and the serosa is usually congested 
The terminal changes m the bowel wall aie sometimes very similar to the 
changes of strangulation 

A loop of this kind closely lesembles the lowest distended loop above a 
simple low intestine occlusion, and it is difficult not to believe that the cause of 
death is similar in both these conditions Theie are certain modifying factors, 
however, m the coiiise of a closed loop Peifoiation and peritonitis, while not 
necessarily present before death, are lather more fiequent in the closed loops 
than 111 cases of simple occlusion Wheie death occurs without perforation 
and peritonitis, the closed loop will usually be found in a state of gross conges- 
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tion, and reference to Table III will demonstrate that the blood and fluid lost 
into the wall of a long, closed loop may amount to as much as one-thnd of the 
total blood volume So gieat, indeed, may he the congestion of the loop that 
at the time of death it may be considei ed to be in a state of strangulation, not 
from occlusion of its mesenteric vessels, but from closure of the vessels in the 
wall of the loop itself, as a lesult of the enormous mtraloop piessure The 
relatively common incidence of perfoiation and peiitomtis, the increased de- 
gree of blood loss from the general circulation, and the occuiience of actual 
devitalization in the wall of the distended bowel aie thiee factors which explain 
why the course of closed loop obstiuction is so much more lapid than the 
course of simple occlusion of the bowel 



Tig I — Showing the method of determining blood loss following strangu 
lation (Foster md Hausler) An isolated bowel loop is placed in a rubber 
bag and strangulated by a ligature tied around the neck of the bag The 
intestinal lumen is reconstituted around the isolated loop bj anastomosis 

It should be remembered that sudden deflation of a closed loop may exer- 
cise the same toxic effect as sudden lelief of a simple occlusion or a 
strangulation 


C INTESTINAL. STRANGULATION 

Pure forms of intestinal strangulation aie raie clinicallj'’ In sti angulation 
by henna, foi example, or by a band, a simple occlusion is present usually 
above the strangulated loop, but the effects of strangulation are so rapid, as 
compaied with the effects of simple occlusion, that the strangulation element 
always outweighs m importance the occlusive element Strangulation is seen 
in a pure foim in mesenteric embolism and thrombosis 

It is convenient to consider strangulation under thiee heads, since the pre- 
dominant lethal factoi appears to var)’- according as a strangulated loop is very 
short, very long, or of medium size 
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(1) SIw>t Loop Sfjangulatwn — This foim is exemplified climcdlly by the 
small, nonviable patch of bowel wall which, on occasion, may occur in a 
Richter’s hernia, oi at the apex of a i educed intussusception It is also seen 
clinically m the late obstructed appendix when circulation has ceased in the 
vessels of the appendix wall In strangulation of a short loop, death is due, 
as a rule, to gangiene, rupture and peritonitis 

(2) Long Loop Sft angulation — Long loop strangulation is clinically 
exemplified by mesenteric thrombosis and embolism, and the picture of the 
patient suffering fiom occlusion of the supeiioi mesenteiic aitery oi vein is 
characteiistic The sudden pain at the onset of the disease is followed lapidly 
by a piogressive pallor, increase in pulse rate, and fall in blood pressure An 
enormous volume of blood is lost into the bowel lumen, into the peiitoneal 
cavity, and into the congested wall of the bowel itself, and the patient dies after 
a few hours just as he would die from a massive internal hemoirhage The 
amount of blood lost by the experimental animal in an extensive strangulation 
has been measured by HolT^ and by Scott and Wangensteen The strangu- 
lated loop is surrounded by a rubber bag (Fig i), and the amount of blood 
lost is the sum of the blood in the lumen of the bowel, the blood m the rubber 
bag aiound it, and the blood lying in the congested vessels and tissue spaces of 
the bowel wall itself The actual amount of blood lost into the lumen and the 
rubbei bag is estimated by the measurement of the hemoglobin content of the 
fluid in these two situations The blood lost into the intestinal wall is meas- 
uied by the increase in weight of the stiangulated loop at the time of death 
Scott and Wangensteen decided from then experiments that 66 per cent of the 
total blood volume could be lost in this way Holt,^® using a similar technic, 
estimated the blood loss at 50 per cent in certain cases, and my experiments 
support these statistics The estimations of blood loss obtained in my rubber 
bag expel iments® aie shown in Table VI 

It has been aigued that the lubber bag technic, which was first introduced 
by Fostei and Hausler,^'’’ gives a false estimate of the amount of blood lost m 
this condition, since, in strangulation m man, a pi opoi tion of the lost volume 
IS reabsoibed by the peritoneum I have attempted to measuie the blood 
volume diiectly, however, in animals suffering from massive strangulation, 
and have found that the diminution of blood volume after the pioduction of 
massive sti angulation is dramatic (Table VII) When the whole small intes- 
tine of an animal is stiangulated, theie is a reduction of approximately 50 per 
cent in the blood volume of the animal when death occurs a few hours after 
the sti angulation is induced The reduction affects the cell volume to a much 
gi eater extent than the plasma volume, since, even during the short peiiod of 
progiessive blood loss, an attempt is made to maintain the blood volume b} the 
passage of tissue fluids into the ciiculation (Chart 7) The effect of massive 
venous strangulation on blood volume is piecisely similar to the effect of a 
rapid hemorrhage The clinical application of these experiments is impoitant 
The patient suffering fiom massive stiangulation requires blobd transfusion, 
and not the introduction of a mere pint of blood, but the addition from donors 

405 



IAN AIRD 


Annals of Surp.er 7 
September 1941 


Table VI 

SHOWING THE AMOUNT OP BLOOD APPARENTLY LOST INTO A STRANGULATED I OOP SURROUNDED 

BY A RUBBER BALLOON 

7 he loss of ojie-thtrd of the blood volume by hemorrhage ts serious, and loss of one-half of the 
blood volume by hemorrhage is likely to be fatal (By permission of the Edinburgh Medical 

Journal) 
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Table VII 

VENOUS STRANGULATION 

EEf ECT or STRANGULATION ON THE BLOOD VOLUME, PLASJIA VOLUME AND CELL VOLUME 

It Will be seen that in the longer strangulations the blood volume may be reduced to approxi- 
mately one-half of its normal level The cell volume is proportionately more reduced in most cases 
than the blood volume, as there is an attempt at replacement of the lost blood by the passage of 
tissue fluids into the circulation, just as after a rapid hemorrhage In short strangulations, the 
plasma loss exceeds the blood loss, these animals live for a relatively long period, and suffer 

severely from vomiting before death 
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of an amount of blood equivalent to almost one-half of the patient’s blood 
volume Massive strangulation, extensive mesenteric thrombosis, for example. 
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Chart 7 — Dog Weight 6 8 Kg Massue venous strangulation Death in 
two and one half hours Blood volume reduced by 52 per cent, cell volume b> 
S9 per cent, at time of death (By permission of the British Journal of Surgeiy) 



Chart 8 - — Dog Weight 17 s Kg Medium loop strangulation 
Slight terminal reduction in blood volume insufficient to be responsi 
ble for death (By permission of the British Journal of Surgery) 

lequnes massive tiansfusion, and operation is justifiable only after the blood 
Aolume has been restored to an approximately normal level 
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(3) St) angulation of Loops of Medium Length — Blood loss from the 
general circulation, while sometimes considerable in this form of strangulation, 
IS not sufficiently great to account foi death The effect on the blood volume 
IS not, as a rule, remarkable In an animal suffering from strangulation of 
one-fortieth of its small intestine, theie was no alteiation in the blood volume, 
m the plasma volume, or the cell volume, at the time of death In an animal 
with one-twentieth of the small intestine strangulated, there was a 15 per cent 
reduction in blood volume , in an animal with one-tenth of its small intestine 
strangulated a reduction of 17 pei cent m the blood volume at the time of 
death (Chart 8), and the cell reduction in these cases was inconsiderable, the 
great pait of the depletion of blood volume being due to a loss of plasma 
(Table VII) 

Foster and Hausler^'^ first showed that the cause of death in medium loop 
sti angulation is the absorption by the peritoneum of toxic material which has 
its origin in the strangulated loop If a loop of small intestine of medium 
length IS isolated, and intestinal continuity reestablished b}’^ anastomosis, and 
if the isolated loop is now surrounded by a rubber bag and strangulated by a 
ligature tied around the neck of the bag wheie it encircles the mesentery of the 
isolated loop, the experimental animal may survive indefinitely (Fig i) 
Foster and Hausler showed, fui thei , that the blood stained transudate which 
collects in the rubber bag, and which, m the absence of the bag, would be 
absoibed by the peritoneum, has a toxic effect when injected into othei ani- 
mals Holt^® also made an extensive stud)' of the toxicity of the peritoneal 
transudate fioni stiangulated loops of medium length, and came to the conclu- 
sion that two sepal ate toxic elements were present — one which passed outwards 
from the loop almost immediately after the establishment of strangulation, and 
which he consideied a product of abnoimal tissue metabolism, the other a late 
addition to the transudate, and apparently bacteiial in origin If a chemical 
fractionation is pei formed of the transudate collected in one of Fostei and 
Hausler’s rubber bags, it is found that two of the chemical constituents of the 
transudate appear to exercise a toxic effect One of these is contained m 
the diffusible fraction of the tiansudate, while the other is precipitated with the 
euglobuhns The transudate exercises a considerable depressor effect on 
the blood pressure when injected inti avenously in any anesthetized animal, 
and attempts have been made to identify the depiessoi substance con- 
cerned® ® ®® Early measuiements of the histamine content of the 

transudate by biologic assay suggested that a high propoition of histamine was 
present 111 the transudate fiom stiangulated loops, and the total histamine con- 
tent of the transudate fiom an eight-mch strangulated loop m a cat was con- 
sidered then to amount to as much as 4 mg m some cases High as this 
concentration appeared to be, it did not entitle histamine to be regarded as 
the sole lethal factor, or, indeed, as an important lethal factor, m intestinal 
strangulation, foi the giadual absorption by the peritoneal cavity of 4 mg over 
a peiiod of 24 hours ivould exeicise no effect on the animal concerned May- 
cock,®® with a moie recent technic of histamine assay, estimated the histamine 
content of the fluid collected fiom nonviable stiangulated loops to be from o 3 
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to 2 o gamma pei cc , with a maximum total of one-sixtli of a milligram in the 
whole amount of fluid collected , he furthei estimated the choline percentage at 
from 8 to 75 gamma pei cc of fluid Maycock concluded that these amounts 
of histamine and of choline were suflicient to explain the depressoi eifect of 
the pentoneal fluid collected from strangulated intestine, but weie not suffi- 
cient to account foi death m that condition He tended to minimize the impor- 
tance of a toxic element in the peritoneal tiansudate He found that the slow 
intravenous infusion of peritoneal tiansudate into normal anesthetized animals 
has usually no depiessoi effect upon the blood piessure, although m six out of 
ten of Maycock’s expeiiments the animal into which the tiansudate was 
pouied died Maycock was disinclined to believe that the toxicity of the 
pentoneal transudate, even m association with the seiious depletion of blood 
volume which sometimes occuis m these animals, w'as responsible for death m 
intestinal sti angulation His giounds for this view w^ere that in ten cats, in 
whom strangulation transudate w^as injected intrapentoneally after lemoval of 
from 51 to 73 cc of blood, only three cats died, and the lemaming cats appealed 
to be unaffected It seems clear from Maycock’s experiments that the hista- 
mine and choline content of peritoneal fluid is not of sufficient amount to be 
an impoitant lethal factor in strangulation, 3fet the toxicity of this fluid is w^ell 
established, and appears to he, as I have said, paitly in the diffusible fraction, 
paitly in the euglobuhn fraction of the tiansudate 

The toxicity of the transudate appeals to depend upon the piesence of 
bacteria wnthin the stiangulated loops Closed loops of dead sterile bowel 
taken from newffioin guinea-pigs, a few hours aftei birth, and tiansplanted 
into the peritoneal cavities of other animals, disappear without tiace and with- 
out injuiy to the host (Table VIII) Dead, closed loops from oldei guinea- 
pigs, similail)’- tiansplanted, contain both aeiobic and anaerobic organisms, and 
lead to the death of then hosts wnthm a few houis, without peiitonitis The 
recipient animals die in these ciicumstances because of the nonviability of the 
tiansplanted loop, in combination wuth the bacteria wffiich it contains * 


Table VIII 

rrrECT or transplantation or bowel from newborn guinea-pig into cat 

In Expers i, 2 and 3, the transplanted small tntesUne -is sterile, and disappears in the peritoneal 
cavity of the host without trace and without effect In Expers 4 and 5, the host died — without 
peritonitis, but apparently from the absorption of toxins from the dead transplanted and infected 

loop of older guinea-pigs 


No of 

Age of 



Guinea-Pig 

Culture of Content of 

Effect of Transplant on Cat Host 

E\per 

Donor 

Guinea-Pig Bowel 

I 

8 hrs 

Sterile 

No ill effects Indefinite survival 

2 

32 hrs 

Sterile 

No ill effects Indefinite survival 

3 

56 hrs 

Stenle 

No ill effects Indefinite survival 

4 

72 hrs 

Aerobes and anaerobes 

Died 24 hrs Transplanted bowel dis- 
tended No pentonitis 

5 

96 hrs 

Aerobes and anaerobes 

Died 20 hrs Transplanted bowel dis- 
tended No pentonitis 


409 



IAN AIRD 


Annals of Surken 
feeplcmber 1041 


Table IX 

RELATION or BACTERIA TO THE TOMCITY OF THE PERITONEAL TRANSUDATE IN STRANGU- 
LATION 

Development of toxicity in peritoneal transudate from strangulated loops Transudate from 
early strangulations is nontoxic, and the seromuscular coat from the strangulated bowel in these 
IS sterile Transudate from later strangulated loops is toxic, and the outer coats of the strangu- 
lated bowel, though not necessarily the transudate itself, are infected 


Length of 


Results of Intrapento- 

Cultures of 

Cultures of 

Bowel 

Length of Sur- 

neal Injection of 

Seromuscular 

Balloon 

Strangulated 

vival Period 

Balloon Fluid 

Coat 

Fluid 

Whole small 
intestine 

Died in 6 hrs 

Whole amount non- 
toxic to guinea-pig 

Stenle 

Sterile 

I foot ileum 

Killed in 8 hrs 

n 

Sterile 

Stenle 

I foot jejunum 

Killed in lohrs 

n 

Stenle 

Stenle 

I foot ileum 

Killed in 12 hrs 

w 

Stenle 

Stenle 

I foot jejunum 

Killed in 1 5 hrs 

M 

Stenle 

Stenle 

I foot ileum 

Killed in i8 hrs 

M 

Stenle 

Stenle 

I foot jejunum 

Killed in 1 8 hrs 

n 

Stenle 

Stenle 

I foot ileum 

Killed in 1 8 hrs 


Stenle 

Stenle 

2 pi feet jejuno- 
ileum 

Died in 24 hrs 

n 

Stenle 

Stenle 

I foot jejunum 

Killed in 30 hrs 

Whole amount killed 
cat in 8 hrs 1 ^ s s 

Aerobes and 
anaerobes 

Aerobes and 
anaerobes 

I foot ileum 

Killed in 18 hrs 

5 cc killed g -p in 8 
hrs 1 2 ’ < 

2 cc killed mouse in 2 
hrs 

Aerobes and 
anaerobes 

Stenle 

2^2 feet jejuno- 

Died in 24 hrs 

2 cc killed g -p in 4 

Aerobes and 

Aerobes and 

ileum 


hrs ' 

anaerobes 

anaerobes 

I foot ileum 

Killed in 24 hrs 

5 cc killed g -p in 7 
hrs * - ’ 

Aerobes and 
anaerobes 

Aerobes and 
anaerobes 

9 inches ileum 

Died in 20 hrs 

5 cc killed g -p in 6 
hrs > 2 ' 

2 cc killed mouse in 2 
hrs 

Aerobes and 
anaerobes 

Aerobes and 
anaerobes 

I foot ileum 

Killed in 24 hrs 

5 cc killed g -p m 8 
hrs ' 2 ^ 

Aerobes and 
anaerobes 

Aerobes and 
anaerobes 

I foot ileum 

Killed in 20 hrs 

5 cc killed g -p in 6 
hrs> 2 

Aerobes and 
anaerobes 

Stenle 

I foot ileum 

Killed in 27 hrs 

4 cc killed g -p in 5 
hrs 1 ’ < ® 

Aerobes and 
anaerobes 

Aerobes and 
anaerobes 

Symptoms in 

Injected Animals 





* Apathy, weakness, increased respiratory rate before death At autopsy no peritonitis 
“ Autopsy showed marked congestion of liver and spleen 
^ Spastic seizure of hind limbs before death 

^ Intense respiratory embarrassment before death Autopsy showed emphysema 
® Velvety red congestion of duodenum and upper jejunum 
® Autopsy showed subendocardial hemorrhages 

The importance of bacteria in strangulation is further demonstrated by the 
fact that in the earlier stages of strangulation, when the peiitoneal transudate 
has not yet become toxic, the outer layers of the wall of the strangulated bowel 
are sterile, as is, also, tbe peritoneal transudate itself This can be easily 
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shown by the strangulation of bowel loops in rubbei bags, if, at the tune the 
fluid is collected, a biopsy specimen be obtained, with sterile precautions, from 
the seiomuscular coat of the bowel, without opening the lumen (Table IX) 
If the fluid has become toxic, the seiomuscular coat of the bowel gives a 
growth of aerobes and anaerobes m every case In most, but not in all, of 
these later strangulations, the peritoneal tiansudate itself also gives a growth 
of oiganisms The conclusion is inescapable that death in medium loop 
strangulation is due to infection of the devitalized bowel by bacteria from its 
lumen, and to the absorption by the peritoneum of the toxic products of their 
growth It seems likely that the toxic euglobuhn fraction of the peritoneal 
tiansudate contains the actual toxins of the bacteria, while the toxic diffusible 
fraction of the tiansudate contains the by-products of tissue destruction 

Knight-^ has shown that depiessoi substances are present m human cases 
of strangulation, not only m the peritoneal fluid, but m the blood within the 
veins of the strangulated segment of intestine Knight and Slome^® have 
further demonstrated that, m cases of strangulation, while the affected bowel 
loop still lemains viable, a toxic effect is demonstrable m fluid obtained from 
the thoracic duct In clinical cases of sti angulation in man, it seems likely that 
death is due to a complex combination of pathologic factors, which include 
(i) Diminution of effective circulating blood volume, in some cases at least, 
by loss of blood into the lumen of the strangulated bowel, into the bowel wall, 
and into the peritoneal cavity, (2) absorption of toxic tiansudate by the 
peritoneal cavity, (3) absorption of toxic material from the tissue spaces of 
the affected segment of bowel by lymphatic paths until these become closed as 
a result of circulatory stasis It is common knowledge that a strangulated 
external hernia is a much less serious condition than strangulation of a bowel 
loop within the pei itoneal cavity This is almost sufficient clinical proof of the 
importance of peritoneal absorption of the toxic transudate The sac of a 
henna is capable of only slight absorption of the transudate from the strangu- 
lated loop which it contains 

Mention has been made m an eailier part of this paper of the depressor 
effect which sometimes follows relief of a simple occlusion of the bowel An 
even more marked depressor effect occurs, in many cases, after relief of a still 
viable strangulation Knight found, in animal experiments, that release of 
viable strangulations produced circulatoiy collapse and death m not less than 
15 psi cent of the animals used Here again, it would appear that during 
eaily sti angulation, and the venous congestion which it produces, toxic mate- 
rials from the lumen succeed in diffusing into the tissue fluids of the wall of 
the strangulated bowel, but fail to enter the general circulation, because of 
venous obstruction When, however, the strangulation is relieved, the veins 
of the affected segment of bowel empty, circulation retuins, and the toxin- 
laden fluid within the wall of the strangulated bowel can now reach the general 
circulation, to exercise a toxic, and sometimes lethal effect In fatal cases of 
strangulation m man, operation has neail}" always been performed At opera- 
tion, the strangulated loops of bowel aie closely inspected for signs of 
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viability If the bowel appears to be viable, even though still congested, it is 
returned to the abdomen, and gradually, thereafter, recovers its normal circu- 
lation It has long been known that whenever there is any doubt about the 
viability of a strangulated loop, it can be returned to the abdomen, as a rule, 
without any risk of gangiene and peritonitis I would submit that the mam 
risk in returning a stiangulated loop to the abdomen is not the risk of perfora- 
tion of that loop, but the danger that, in recovering its viability, there may be 
a return of toxic material from the wall of the strangulated bowel This is a 
strong argument in favoi of the more frequent lesection, or, at least, exteri- 
orization, of strangulated intestinal loops “All recent experimental work has 
gone to show that when the least doubt exists as to the viability of the bowel, 
resection should be practiced, as continued toxemia from autolysis of cells and 
potential obstruction from imperfect peristalsis may lead to death some days 
after operation” (Wilkie^®) 


CONCLUSIONS 

In high small intestine occlusion, the cause of death is dehydration, hypo- 
chloremia, alkalemia, and azotemia These can be effectively controlled by 
nasal suction drainage and forced intravenous saline by diip Opeiation may 
be delayed, and conservative measures continued for many days before opeia- 
tive relief of the obstruction, provided the cause of obstruction is known, and 
provided the presence of a strangulating element can be definitely excluded 
In untreated cases of low small intestine occlusion, whether in the experi- 
mental animal or m man, death does not occur, as a rule, until thiee or even 
four weeks after the onset of obstruction In these cases, suspended absorp- 
tion of water, salts, food materials, and other constituents of the intestinal 
content is sufficient to explain death Gross congestion of the bowel is some- 
times considerable before death in these cases, and leads in some, but not in 
all, animals to depletion of the blood volume Perforation of the distended 
bowel and peiitonitis is a relative^ frequent cause of death in the animal or 
man whose occlusion remains unrelieved by operation 

To-day, the deaths from low small intestine occlusion are nearly all post- 
operative deaths The toxic effect of sudden relief of a long-continued disten- 
tion of the bowel has been demonstrated by expeiiment 

In occlusion of the colon, perforation and peritonitis aie lesponsible for 
death m most cases In long-continued colonic occlusion, the same factors 
probably operate as operate in low small intestine obstruction 

In closed loop obstruction, the cause of death depends upon the infectivity 
of the contents of the loop In the case of the heavily infected closed loop, 
death is due to perforation and peritonitis In the mildly infected closed loop, 
the same morbid influences aie present as m low small intestine occlusion 
Splanchnic congestion is usually more serious m closed loop than in simple 
occlusion 

In strangulation of short loops of bowel, death is due to perfoiation and 
peritonitis 
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In long loop strangulation, death is due to diminution of the effective cir- 
culating blood volume, as a result of blood loss into the lumen and wall of the 
strangulated intestine, and into the peritoneal cavity 

In strangulation of loops of medium length, the cause of death appears to 
be the absoiptioii of toxins In the early stages of strangulation, this is by 
wa.} of lymphatic loiites, latei by way of the peritoneal cavity 

The depressor effect of the sudden lelief of any foim of intestinal disten- 
tion IS seen in an exaggeiated form upon the sudden lelief of a long-continued 
strangulation 

A method is desciibed of the establishment of chylothorax m the experi- 
mental animal, to fuinish leservons of chyle for the purpose of experimental 
chyle ti ansf usion 

The later experiments recorded in this paper have been performed in the Department 
of Surgery of the University of Edinburgh, under the direction of the late Sir David 
Wilkie, and of the Deputy Director, Mr W C Wilson, now Regius Professor of Surgery 
in the University of Aberdeen Main of the earlier evperiments were performed in the 
Department of Surgery of Washington University, St Louis, under the direction of Dr 
Evarts A Graham, and with the guidance of Dr Robert Elman The American experi- 
ments were performed during the tenure of a Rockefeller Traveling Scholarship, and the 
later part of the work m Scotland has been subsidired bj a grant from the British Medical 
Researcii Council 
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Stone and Firor, in 1924, reported that in cases of temporary obstruc- 
tion of the teiminal ileum in the human (duration five hours or less), piessure 
within the ileum rose as high as 150 cm of watei, and suggested that the 
extremely high piessure m obstiucted intestine contributes to the toxemia, 
probably by facilitating absorption of hypothetical toxins Hei rin and Meek- 
have fuither emphasized the impoitance of pressuie in the pathologic 
mechanism by producing symptoms of obstiuction in dogs by the inflation 
of balloons within the intestine to pressuies of approximately 100 Mm Hg 
(135 cm aq ) It has been shown, howevei, that if by-passes are provided 
so that balloons inflated to these pressuies do not actually obstruct the intes- 
tine, the animals go on to death without a significant lowering of blood 
chlorides^ Since hypochloremia is one of the cardinal signs m obstruction 
in dogs, and since life may be gieatly prolonged by administeimg chlorides,^ 
It may be doubted that the pathologic mechanism m dogs dying from over- 
distention of intestinal balloons is identical with the mechanism in dogs dying 
from other forms of obstruction 

The clinical significance of much of the expeiimental work which has 
been done m the dog with ovei inflated balloons remains obscuie unless it 
can be established that pressures of similar magnitude develop within the 
intestine obstructed by ligation 01 simple occlusion of the lumen There is 
no question that closed loops and the entire bowel above a simple occlusion 
become distended with gas and seci etions in the dog as well as m the human 
lhat strangulation may lesult fiom overdislention was first suggested by 
Van Zwalenburg,** m 1907 Data obtained in this laboratory show, however, 
that distending pressures must usually rise above 30 Mm Hg in dogs under 
barbital anesthesia before there is reduction in blood flow In the light of 
these data, it would appear that distention may produce damage by ischemia 
only if it rises, dliring the course of obstiuction, above a certain critical level 
Since the circulation through active and inactive intestine may not be equally 
affected by a given distending pressuie, the question of adynamic ileus as a 
constant terminal phenomenon in obstruction has more than academic interest 
The pressures which have been leported to occui within obstructed small 
intestine m the dog are considerably below those used in experiments with 
overmflated balloons Owmgs, McIntosh, Stone, and Wemlierg® found 
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average ‘tone, or lestmg pressme in simple obstiiiction to be 6-8 cm aq , 
with pressuie rising to 30-60 cm during maximum contractions In closed 
loops Burget, Martzloff, Suckow, and Thointon'^ measuied an average 
pressure of 39 5 cm aq Sperling, Paine, and Wangensteen® found piessuies 
from 4 to 19 cm aq m simple obstiuction of the lower ileum 

Hypermotility dm mg the eaily stages, and adynamic ileus, as a terminal 
phenomenon, have come to be clinically accepted as chaiactenstics of the 
obstructed bowel In expeiimental obstruction, hypermotility has been 
observed more frequently than ileus,® ® ® and m studies 111 which attention 
has been diiected to this detail, terminal ileus appeals to be associated with 
peritonitis® Theie is, thus, no evidence foi teiminal ileus m uncomplicated 
obstruction in the dog 

In view of the impoitance of these details foi an undei standing of the 
immediate pathologic mechanism m obstruction, and the incomplete infor- 
mation available, we thought it woith while to make a more extended study 
of musculai activity m obstiucted intestine m the dog 

Methods — All operations were performed on healthy adult dogs under 
ether anesthesia, with strict asepsis At the time of operation a laige condom 
balloon was mseited through a stab-wound m the antimesenteric bolder of 
the intestine so as to he in an obstiucted segment This was accomplished 
by passing the balloon m an oral diiection and tying the obstructing hgatuie 
(soft, round cotton yarn) tightly down upon its lead tube, the lattei being 
made rigid by mseition of a short length of glass tubing The stab-wound, 
about I cm below the obstiuctmg ligature, was then closed about the lead 
tube by Witzel’s method This piocedure avoided the placement of a suture 
line, through which leakage might occui, m obstructed intestine 

In some animals a balloon was also placed, at the same time, in distal 
unobstiucted intestine thiough a stab-wound about 5 cm below the first, the 
balloon being passed 111 an aboral direction The lead tubes from the balloons 
were brought out and anchored m the belly cvound ivhich was closed in the 
usual manner 

Most of our observations ivere made upon dogs with closed loops of the 
first poition of the jejunum, about 15 cm below the ligament of Tieitz, 
prepared by simple ligation at this level, cvith a second ligation upon the 
lead-tube of the recording balloon 10-12 cm below, the balloon lying between 
the two ligatures It ivas intended to compare these closed loops with simple 
obstructions, in which it is geneially agreed that pressuie is lower But our 
data on the closed loops showed such low piessuies that w^e felt a complete 
comparison unnecessary 

That necrosis and perforation at the ligature will occur with this type of 
obstruction, if the animal survives long enough, is geneially agreed Most 
of our animals died 48—72 hours after operation, the short survival time 
being, doubtless, m part due to the fact that w'e gave no fluids or other 
suppoitive treatment Autopsies were perfoimed as soon as possible after 
death in all Ten animals out of a series of 27 were found to have perforated 
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loops In the otheis theie was no demonsti able pei {oration or peritonitis 
\Vith these exceptions, theiefoie, our data may be taken as showing the 
course of events leading to death from uncomplicated obstruction 

All obseivations weie made without anesthesia, with the animal, after a 
brief period of tiaining, lying quietly on a pad The first observation was 
made 4-24 hours aftei the opeiation, and subsequent observations were 
made at inteivals of 8-18 boms Pieliminaiy to making an obseivation, 
the balloons weie inflated and deflated a few times to make suie that they 
weie not twisted 01 kinked, completely emptied of air under negative pres- 
sure, then filled from a syiinge with 15 cc of air measuied at atmospheric 
pressure The lead tubes neie then connected with water manometers, and 
a kymogiaph recoid, lasting 75-120 minutes, was made Since the balloons 
had a tested capacity of 50 cc at atmospheric pressure outside the intestine, 
their pressuie leadings at a volume of 15 cc are appi oximately equal to 
intra-mtestinal piessuie Complete expulsion of the 15 cc of air from the 
balloon into the manometer gave a pressuie reading m the manometer of 
approximately 40 cm aq , which is higher than our highest measui ements 
Any attempt to express a change in intestinal motility in quantitative 
terms, is open to the ciiticism that the features chosen foi quantitation may 
not be representative All workeis in the field have observed simultaneous 
changes of diffeient degiee or diiection m such various indices of motility 
as tone, conti action height, size and fiequency of tonus waves, and rhythm- 
icity of pendular movements In the absence of any general agreement upon 
some one satisfactory index to intestinal motility, we have made separate 
measurements of these individual functions as defined below 

Results — Mimiuum Piessuie This uas measured as the lowest pressure 
lecorded at any time during each peiiod of obseivation Since it is read 
during the inteival between contractions, it repiesents what would usually 
be called minimal “tone” for each tiacing 

In ten animals who were prepared with balloons in the distal, unobstructed 
jejunum foi compaiison, we weie able to make a total of 25 comparative 
readings of minimum pressure in obstructed and unobstructed intestine 
In ig of these paued observations, minimum pressure was significantly 
higher m the obstiucted loop In every animal except one, minimum pres- 
sure was elevated m the obstructed loop over its unobstructed control on the 
first reading (Table I) 


As mil be seen from examination of Table I, oui irregular intervals of 
observation fail to show the time required foi piessure to reach its peak in 
the obstructed loops Nineteen animals appear m the table upon whom more 
than one observation was made In eight of these, pressure was highest at 
the first reading It is j^ossible that the peak of pressure has escaped obser- 
vation m some, but this is unlikely since, with a few exceptions, there is 
close agreement of the readings at the peak of the pressure elevation 

The average of the minimum pressures at the time of their greatest 
deration (series of 27 clogs) was 16 cm aq The highest observed minimum 
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pressure was 27 cm aq As was expected, the average of the closed loops 
was somewhat highei than the average of the small senes of simple obstruc- 
tions (four animals — average minimum pressure at peak of elevation 145 
cm aq ) The average of the minimum pressures at the time of their greatest 
elevation m the ten dogs with balloons m distal, unobstructed jejunum was 
10 o cm aq 

Table 1 


Dog 




Minimum Pressure 



Maximum Pressure 


Contractility 

No 

Segment 


Cm 

Water 



Cm 

Water 


Mm "Water 



Obs 

No I 

2 

3 

4 

5 

I 

2 

3 

4 s 

I 

2 

3 

4 

I 

Distal 
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9 

5 


10 

10 

16 

7 

9 

10 

8 

23 


Obstr - 

-(P)* 

17 

14 

16 

3 


32 

26 

28 

25 

6S 

ss 

II 

S2 

2 

Distal 


10 





12 




4 





Obstr - 

— (p) 

14 





19 




17 




3 

Distal 


8 

9 




9 

10 



8 

14 




Obstr 


9 

12 




17 

30 



20 

90 



4 

Distal 


8 

8 




16 

24 



26 

46 




Obstr - 

— (p) 

14 

9 




30 

12 



SO 

II 



5 

Distal 


9 

10 

II 

II 


13 

12 

16 

14 

7 

s 

9 

II 


Obstr - 

-(P) 

II 

27 

3 

5 


IS 

28 

11 

7 

10 

s 

S 

4 

6 

Distal 


6 

5 

— 

— , 


8 

6 

— 

— 

8 

4 

— 

— 


Obstr 


10 

18 

14 

IS 


13 

23 

17 

28 

9 

20 

8 

SS 

7 

Distal 


6 

19 

— 



13 

23 

— 


12 

IS 

— 



Obstr 


18 

14 

6 



26 

20 

14 


18 

20 

42 


8 

Distal 


11 





12 




2 





Obstr 


24 





26 




3 




9 

Distal 


8 

9 

12 



9 

10 

17 


5 

s 

II 



Obstr 

— (p) 

8 

— 

II 



14 

— 

16 


30 

— 

7 


10 

Distal 


13 

8 

12 

5 

12 

17 

II 

34 

6 14 

13 

S 

3 

3 


Obstr 


23 

II 

12 

12 

IS 

26 

15 

17 

22 26 

17 

IS 

17 

40 

II 

Obstr 


12 





14 




8 




12 

n 


20 

7 




22 

8 



II 

7 



13 

ft 


9 

10 

9 

10 


II 

12 

22 

33 

10 

17 

46 

80 

14 

p 

-(P) 

14 

12 

10 



19 

23 

17 


15 

31 

3S 


IS 

p 

— (p) 

12 

5 




15 

12 



3 

27 



16 



3 

12 

8 

13 


6 

31 

30 

31 

11 

6 s 

7S 

S6 

17 

p 


6 





9 




17 




18 

p 

— (p) 

18 

10 




24 

II 



31 

2 



19 



19 





20 




10 




20 

p 


6 

8 




28 

27 



65 

48 



2 t 



S 

9 




9 

24 



16 

28 



22 



7 





21 




35 




23 



4 

13 

15 

8 

7 

6 

28 

25 

IS IS 

4 

SS 

40 

34 

24 



iS 

17 

16 



30 

28 

21 


5 

3 

20 


25 

'■ 

— (p) 

16 





19 




15 




26 

r 

— (p) 

21 





27 




28 




27 

p 


15 

25 




23 

28 



15 

8 




* p denotes perforation demonstrated at autopsy 


Of the 19 animals, upon whom serial observations were made, nine 
showed a definite diminution m minimum pressure toward the end of their 
survival period In six of these, perforation was found at autopsy Neither 
perforation nor peritonitis could be demonstrated at autopsy m any of our 
other animals 

Maximum Ptessuie — This was taken as the highest pressure recorded at 
any time during each period of observation Respiratory records were taken 
routinely by means of a pneumograph to ensure that our readings of maxi- 
mum pressure were not influenced by such modified respiratory acts as 
\omiting and defecation The data which ve obtained may be taken to 
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represent the maximum piessure developed within the intestine by the mus- 
cular activity of the intestine 

In the ten animals with balloons in both obstructed (closed loops) and 
unobstructed (distal) jejunum, we made a total of 25 paired observations 
on maximum pressure In 20 of these, pressure rose higher in the obstructed 
than m the unobstructed intestine In all animals, maximum pressure was 
elevated in the closed loop over its distal control at the first observation 
(Table I) In the entire series of 27 dogs, the average of the maximum 
pressures taken at the time of their greatest elevation was 268 cm aq , the 
highest single reading being 33 o cm Of the 19 dogs available for serial 
observations, only nine showed a teimmal fall m maximum pressure As 
shown in Table I, these are, with two exceptions (Dogs 7 and 24), the 
animals whose minimum piessuie declined terminally, and m whom perfora- 
tion was demonstrated at autopsy That perforation does not necessarily 
suppress contractility is shown I)y the observations on Dog 15, m ^\hom 
perforation was demonstrated at autopsy two and one-balf hours after the 
last observation w'as made Only three of the animals with teiminal decline 
in contractility w^ere piepared for observations on distal intestine (Dogs 4, 
5 and 9) In none of these was contiactihl} suppressed terminally in the 
distal control intestine (Table I) 

Contractility — It is obvious that intia-intestinal piessuie may l)e either 
a function of the muscular activit) of the intestine, or the result of passive 
stretching of the w'alls of the intestine by its contents Pressure is, there- 
fore, an uncertain index to the muscular activity of the intestine Nor are 
the pressure changes (obtained by subti acting minimum from maximum 
pressure) much more reliable, since undei some conditions intense muscular 
activity may result in the maintenance of steady high pressure for long 
periods of time, and since, on the other hand, secietion, tiansudation, or 
hemorrhage may cause lathei abrupt changes in the volume of intestinal 
contents Clearly recognizable musculai functions of tbe jejunum result in 
the appearance on the pressure lecords of (a) simple piessure weaves at a 
frequency of 6-20 per minute, due to the pendular movements , and (b) 
tonus waves with a duration of 1-3 minutes, upon wdiich the pressure record 
of the pendular movements is superimposed We have measured the ampli- 
tude in each tracing of these twm types of piessure change, and have taken 
as a measure of contractility the maximum pressure change of either type, 
w^hich occurred during each peiiod of obseivation These pressure changes 

are recorded in Table I under “contractility” without distinction between the 
tw'o types 

Twenty-six paired observations on obstiucted and unobstructed intestine 
were made in ten dogs Maximum contractility as measured in this manner 
was greater in the obstiucted than m the unobstructed intestine m 22 obser- 
vations Among the 19 dogs upon wdiom serial observations were made, 
there w^as a definite terminal 1 eduction in contractility m only six animals 
(Dogs 4, 5, 9, 12, 18 and 27) Four of these (Dogs 4, 5, 9 and 18) showed 
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a terminal fall m minimum pressure, and were found at autopsy to have 
perforated loops 

Rhythmtctfy — The rhythm recorded by the pendular movements on large 
balloons, such as we used, is of doubtful significance A rapid beat on the 
record may mean a rapid beat of a single fascicle of smooth muscle, or it 
may mean the summation on the record of a number of slowly beating 
fascicles contracting and lelaxmg asynchronously The use of smaller bal- 
loons, or of enteiogiaphs recording smaller aieas of smooth muscle, reduces, 
but does not remove this error We obtained data on rhythmicity as lecorded 
by the pendulai movements on our records, fully aware that our methods 
were inadequate, m the hope that some sti iking change might be observed 
which would justify an attempt at interpretation Since this hope was not 
realized, the possibility remains that adequate studies on rhythm would show 
striking changes m obstruction 

In our studies, the ihythm of the pendulai movements appeared to be 
at a maximum duimg the mteivals between tonus waves The average for 
all dogs, m the unobstructed distal jejunum, at this time was i6 2 beats per 
minute, 111 the obstructed, closed loops, 16 3 beats per minute Usually there 
was appreciable slowing of ihythm on the recoids toward the peaks of tonus 
waves The average foi all dogs at this time in the unobstiucted distal 
jejunum was 142 beats per minute, in the obstiucted loops 127 beats per 
minute Examination of individual pans of observations fails to show a 
consistent difference 111 the rhythm of the obstructed and of the unobstructed 
intestine Out of 24 such paiied obseivations on minimum ihythm (at the 
peaks of the tonus waves) the rhythm was greater in the obstructed loop, 
eight times, greater m the unobstructed loop, ten times, and the same in 
both, SIX times Out of 22 observations on maximum rhythm (at the 
tioughs of the tonus waves) rhythm was gi eater in the obstructed loop 16 
times, m the unobstructed loop, five times, and the same m both, once 

Effect of Epinephiine on the Obstiucted Intestine — Data on the lesjionse 
to intravenous epinephrine weie obtained m an attempt to determine (i) 
Whether the increase in minimum pressuie m the obstructed intestine is due 
entirely to distention of the intestine by an mciease m its contents, and (2) 
whether the increase m contractility is due to diminished sensitivity to inhibi- 
tory agents 

To ans\ver the first question, we injected moderately large doses of 
epinephrine (usually o 02-0 04 mg in a volume of i cc ) at a time wdien 
minimum piessure was markedly elevated In a series of 24 animals, studied 
in this w^ay, epinephiine caused a significant drop in minimum pressure m 
the obstructed loop m every case (Graph i) 

To answer the second question, w'e determined the threshold dosage of 
epinephrine, under standard conditions, in a series of six dogs at intervals 
during the suivival period All of these animals were prepaied w'lth balloons 
m distal, unobstructed intestine for comparison All doses w^ere made up in 
a volume of i cc and injected as rapidly as possible in the posterior crural 
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vein The doses were adjusted at each observation until a just-detectable 
reduction m either tone or contractions was obtained, and each dose near 
the threshold was repeated two or more times to check the determination 
No consistent difference in the threshold 
for the obstructed and the unobstructed 
intestine at any time during the sur- 
vival could be established m this series 
of animals In all six animals, how- 
ever, there appealed to be a progres- 
sive low^ering of the thieshold m both 
the obstructed and the unobstructed in- 
testine (Table II) 

Discussion — It was not our pur- 
pose in tins study, to maintain animals 
surviving obstruction m optimum clini- 
cal condition It is possible that our 
results w'ould have been somewdiat dif- 
ferent had w^e done so Our data show% 
how'ever, that dogs may go on to death 
without the development, even in closed 
loops, of excessively high mtra-intes- 
tinal pressures Such pressures as w'e 
have observed do not, m anestheti/ed 
dogs, reduce the total blood flow 
through the intestine' They aie fai 
below the pressures employed in ob- 
structing balloons for the production 
of symptoms Whether these moder- 
ate pressures, maintained in non- 
obstructing balloons, will produce 
symptoms in the dog has not yet been determined 

That our data on the pressures prevailing m obstructed intestine are 
fairly accurate is show'n by their ajiproximate agreement wnth the statistics 
of previous workers ^ Tt might be expected that our readings w^ould be 
high, since our methods requiied the inflation of a balloon wnthin the loop, 
thus increasing the \olume of intestinal contents That they are somewhat 
lower than those previously leportcd” for closed loops may be due to the 
absence of supportive postoperative tieatment in our dogs Details of post- 
operative treatment are not given m most of the previous reports 

Our data suggest, in confirmation of Ownngs, McIntosh, Stone, and 
Weinberg,*^ that terminal ileus is a concomitant of peritonitis rather than of 
obstruction In only three animals, in a series of 20, did we find a terminal 
reduction m muscular activity (using any single criterion of motility) unac- 
companied by peritonitis secondary to perforation In half our animals no 
terminal reduction in motility w'as demonstrable 
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Gkmii 1 — The Response of the Ohstrueted 
Intestine to Epinephrine Records from above 
down — Respiration bj pneumograph, balloon rec 
ord of doubl> ligated jejunal loop, balloon record 
of distal unobstructed jejunum Intra intestiml 
pressure in centimeters of water Duration of 
obstruction zj hours At the signal o 005 mg 
epinephrine in i cc saline was injected into the 
posterior crural vein The rise in pressure in the 
unobstructed loop is not unusual in atonic intes 
tine 
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It IS not possible to say, from our studies, whether rhythm m the ob- 
structed intestine is modified The limitations imposed by our methods were 
pointed out above These limitations are such as to permit us to say only 

Table II 

TIIRESHOID INTRAVENOUS DOSAGE OT EPINEPHRINE IN OB 
STRUCTED AND IN DISTAL SEGMENTS 



Duration o£ 

Dose (Mg ) in I Cc 


Obstruction 



Dog No 

Hours 

Distal 

Obstructed 

I 

9 

0 0100 

0 0100 


14 

0 0081 

0 0081 


23 

0 ooss 

0 0055 

2 

S 

0 0028 

0 0028 


23 

0 0025 

0 0010 


33 

— 

0 0010 

3 

10 

0 0280 

— 


28 

0 0028 

0 0028 


S 3 

— 

0 0028 

4 

8 

0 0400 

0 0400 


30 

0 0280 

0 0280 

5 

12 

Motor 

0 0280 


28 

0 0020 

0 0050 


48 

0 0033 

0 0033 

6 

23 

0 0200 

0 0400 


33 

0 0050 

0 0200 


48 

0 0020 

0 0020 


that we obtained no evidence m favor of Alvarez’s'^® hypothesis that a 
reversal of the rhythmic gradient is responsible for stasis and vomiting in 
obstruction, since we demonstrated no such change m the rhythm of the 
obstructed intestine as his theory requires 

Additional evidence that the adynamia of the obstiucted intestine m the 
terminal stages is far from complete, is adduced from the fact that the 
intestine may be inhibited by epinephrine The significance of an apparent 
increase m sensitivity to epinephrine m both the obstructed and the unob- 
structed intestine m terminal stages requiies elucidation It seems clear, 
however, that hypermotility m the obstructed intestine is not due to a loss of 
irritability to inhibitory agents of this type 

SUMMARY 

Balloon studies of motility m obstructed jejunal loops were undertaken 
in unanesthetized dogs at intervals, so long as the animals survived Com- 
parisons were made in some animals with motility m unobstructed distal 
segments The following data were obtained 

(i) At the time of the greatest increase m mtra-intestinal pressure, maxi- 
mum pressure m the obstructed loops averaged 26 8 cm aq , with the highest 
single reading 33 o cm aq Minimum pressure at the time of its greatest ele- 
vation averaged 16 cm aq The range of pressure in closed loops is con- 
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siderably above the lange m distal, unobstructed intestine (average maximum 
15 6 cm aq , average minimum 10 o cm aq ) 

(2) Contractility was usually considerably greater m the obstructed than 
m the unobstructed intestine 

(3) Neither piessuie 1101 contractility was found to dimmish toward the 
end of the survival period unless pei foration occurred Even m the presence 
of perforation, active conti actions sometimes occuried 

(4) No loss in 11 1 itabihty to intravenous epinephrine could be demonstrated 
in obstructed intestine Even 111 terminal stages, the response to sufficiently 
large doses was a diop m pressuie within the intestine, showing peisistence 
of some muscle tone 

(5) The healing of these data on the theoiy that pressuie within obstructed 
intestine damages the intestine is discussed 
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THE SIGNIFICANCE OF NEUROMATOUS LESIONS IN 
OBLITERATED APPENDICES 

A CLINICOPATHOLOGIC STUDY 

]Moeris L Parker, M D , and Marion Corrigan, M D 

Chicago, III 

FROM TUB DEPARTMENTS OF SURGERY AND lATIIOLOGY, MICHAEL REESE HOSPITAL, CHICAGO II L 

The surgeon, confronted by the patient with complaints of abdominal pain 
(epigastric, right lower quadiant or diffuse) temporal ily aggravated, en- 
counters symptoms suggestive of appendicitis but is frequentl)’- unable to 
elicit objective evidence of such Physical examination of these patients 
may disclose tenderness m the right lower quadrant, most frequently on 
deep pressure, but rarel)'- muscle rigidity Temperature levels and leukocyte 
counts aie frequently within normal lange The patient may give a history 
of long standing abdominal distress, frequently with a lecollection of its in- 
ception in an episode chaiacterized bv acute pain Often, long standing, 
mild abdominal discomfoit is punctuated by attacks of acute distiess, oc- 
casionally with some history of slight fevei As fiequently, a histoiy of 
dietaiy indiscretion is obtained If encountered m a subjectively quiescent 
stage 01 aftei the subsidence ot what historically lesembles an acute attack 
of appendicitis, the patient may, if indicated, be operated upon with a diagnosis 
of interval appendix, chronic oi subacute appendicitis The pathologic reports 
aie variable, in only some instances consistent with the clinical pictuie The 
clinical entity, chronic appendicitis, onl}'^ rarely leceives strict morphologic 
confirmation 

On those occasions when the preopeiative diagnosis is acute or recurrent 
appendicitis, the histologic diagnosis is not infrequentl)'^ at variance with the 
clinical diagnosis The attitude of the suigeon may, in such instances, be one 
of chagiin or confusion This attitude, how'ever, may be somewhat mollified 
b}^ his recollection of the opeiative picture which disclosed to him an ex- 
planation of the symptoms which he had interpreted as inflammatory, such as 
the piesence of bands, twists oi kinks which may produce mechanical 
symptoms 

To the confused suigeon and the surgeon-hai assed pathologist, the entity 
“neiuogenic appendicitis” should offer a piomising solution of these numerous 
instances of so-called chronic appendicitis Since its desciiption in 1921, this 
subject has commanded the attention of a number of authors to whose op- 
posing opinions piobably ma)^ be attiibuted the fact that neurogenic appen- 
dicitis as an entity has been accepted with some diffidence Some authors deny 
its existence and the neurogenous nature of lesions occurring in the involved 
appendices , others, agreeing to the nervous nature of certain lesions observed 
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in appendices, question the clinical significance of these oi the likelihood of 
a diagnosis of neuiogenic appendicitis being made with certainty pieopera- 
tively, the proponents of the entit}^ aie clamorous foi its fuither clinical 
confiimation 

As examples of the varied evaluations of the subject, the following are 
listed Masson^ and Maresch,- m 1921, almost simultaneously, described 
lesions m the obliterated appendix Both authors considered the lesions as 
sympathetic neuromata Subsequently, Masson^ alteied his interpretation 
of these fiom sympathetic neuiomata, Avhich he had initially likened to ampu- 
tation neuiomata, to argentaffin neuromata The latter he consideied to be 
piohferations of mucosal neivous tissue stimulated by aigentaffin cells with 
which they aie associated 

Both the above authors legarded these lesions as having been provoked 
by pievious inflammations Masson,^ m 1922, believed that a banal ulceiative 
piocess, sufficiently intense to be iiiitative but sufficiently slight to be non- 
destiuctive of the epithelium and contemporaneous with the noimal neuio- 
genic impulse, piovokes hyperplasia of the preexisting neuro-ai gentafftn 
tissue which becomes enmeshed in the cicatricial tissue His original disposi- 
tion of these stiuctuies as amputation neuiomata caused by division of the 
sympathetic filaments of the mucosa by an ulceiative process, he^ considered 
unsatisfactory, m that the neuiomata always contain aigentaffin cells and 
amputation neuiomata do not contain these Masson^ also discussed the 
possibility of the peiiglandulai plexus from which these neuromata arise being, 
not of sympathetic origin, but dependent genetically on certain entodermic 
cells and that it lepresents a placode, a neurentoderm 

Uiecli,® m 1928, found among 400 appendices lemoved m the quiescent 
period aftei acute attacks of appendicitis, 16 obliteiated, m which neuial pro- 
liferation was piominent Urech stated as a hypothesis that the lesions may 
be attiibuted to more or less discrete inflammation which escapes the atten- 
tion of the patient This authoi fuither stressed that the superabundance 
of nervous tissue which has been wiongly or reasonably compared to amputa- 
tion neuromata explains the impoitant place that pain plays in this clinical 
entity and the happy results after opeiations of patients without inflammatory 
lesions This author furthei stated that if the diagnosis could be foreseen 
preoperatively, it would be affiimed only exceptionally (He also noted that 
two-thirds of the cases occuired in women, and presented the vaiiety of symp- 
toms which are ordinarily classified as nervous ) 

Hosoi,^ ’’’ in 1933, presented pathologic findings and the clinical features 
of 344 consecutive cases, 56 7 per cent containing neuromata, 48 per cent of 
the 344 showing some degiee of obliteration These cases weie presented 
as instances of neurogenic appendicitis and were supposedly operated upon 
because of symptoms which could be attributed to nervous iintation In the 
histones of many of these patients, previous incidents simulating appendiceal 
crises weie described 

Simaid,® in 1935, stated that neivous alterations alone may give use to 
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A — Pre‘?ence of proliferated ner\e fibers m the center of an obliter'ited appendix Note the accumulation of lymphocytes 
adjacent to the ner\e fibers (Hemato\>Un eosin preparation, X6o) 

B — Same as A (Hematoxjlin eo«;in preparation, x8o) 

C — Large ner\e bundles in an obliterated appendix (Masson stain X56) 

D — presence of ner^e bundles adjacent to much Kmphadenoid tissue in the center of an obliterated appendix (Masson 
stain X60) 

E — L\mph follicles and ner\ous elements m close approximation (Hematoxjlin eosm preparation, X80) 
r — Iser\e cells and fibers adjacent to old connectne tissue fibers in the center of an obliterated appendix (X160) 
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characteristic symptoms of acute appendicitis such as stabbing pain, muscle 
guarding, eic He previously had made the suggestion that in the presence 
of clinical signs and symptoms pointing to acute appendicitis, when leukocyte 
count IS at or near normal, and disease of the kidney, ovaiy or gallbladder 
may be excluded, the diagnosis of neuro-appendicopathy can often be made 
with assurance 

Fein, Hanan and Seidler,** m 1938, listed 202 neuromata among 600 ap- 
pendices, 140 occurring m appendices with varying degrees of obliteration 
Twelve and one-tenth per cent of neuromata weie m appendices showing acute 
suppuiative inflammation, 268 pei cent weie associated with subacute ap- 
pendicitis 

Llombart,^” m 1938, 111 investigating the anamneses of ten patients, stressed 
that, in general, one might state that definite attacks, often with fever and 
muscle guarding, piecede nervous h3'pei genesis and that it might be supposed 
that obliteration was initiated at such a moment and the nerves contained 
within the obliterated zone hypertrophied Though this author believed it 
almost logical to suppose the nervous lesions incitants of the clinical symp- 
toms, he stated that it is impossible at present to know whether lepeated 
attacks (simulating appendicitis) favoi the development of neurogenic ap- 
pendicitis or, on the contraiy, the lepetitious complaints aie the consequence 
of the nervous lesions Fie was impressed with the rapidity with which this 
nervous hypei genesis was established This author succeeded in demonstrat- 
ing nerve fibers by the use of specific silvei stains 

Rossle,^^ in 1930, pointed out that not only cential neuromata m recently 
obliterated appendices but also neuromatosis of the intact mucosa and sub- 
mucosa are able to pioduce appendiceal complaints, the lattei largely because 
of alterations of the neuiomuscular apparatus which, in interfering with 
evacuation, provokes symptoms Howevei, he considered the neuromata 
to be proliferations of the Schwann’s syncytium and as such but a single 
feature of pathologic alteiation of the neivous appaiatus 

Among the opponents of the neurogenous etiology of these stiuctures 
may be mentioned the following 

Schweizei,^- m 1922, clesciibing “netii omai tige” in obliteiated appendices, 
and presenting pictures of lesions almost identical with or at least very similai 
to those of Masson,^ took exception to Masson’s inteipretation of these lesions 
He evaluated them as neurmomata and questioned their relation to symptoms 
in that many were noted in autopsy specimens from subjects of advanced age 
This author furthei stressed the high incidence of argentaffin cells and was 
inclined to consider these structures derivatives of the sympathetic fibers sur- 
rounding the crypts and the musculans mucosa 

Schack,^^ in 1932, believed the so-called neuromata to be, not primary 
proliferations of nerves, but a disease or alteration of the reticulum, and that 
the finding of nerve fibers within them is only incidental in that nerve fibers 
spreading as a net with and between the reticulum cells are only naturally 
included within a tumor of the reticulum He considered these irregular 
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growths the indirect consequence of inflammatory irritation Ihis author 
was unable to prove the existence of an anatomic disease in the sense of neuro- 
genic appendicitis and evaluated the neurogenous tissue as a residuum of 
inflammation 

Collins/^ in 1936, in reviewing a large number of surgical and autopsy 
specimens, was unable to find indication of nervous proliferation as the 
provocative element in obliteration He considered this largely induced by 
inflammation which progressed to granulation tissue Though no illustiations 
were presented, it was the contention of this author that the axial lesions 
in obliterated appendices aie composed of granulation tissue 

That structuies other than adult fibrous connective tissue occur in the 
axis of the paitially or completed obliterated appendix is unquestioned The 
interpretation of these may or may not be of merely academic interest If they 
are neuromatous in nature the surgeon, cognizant of the confusion involving 
the mechanism of abdominal pain, asks, “What do they mean, and are they, 
per se, responsible for this pain^” 

The presence of nerve fibeis m the mucosa of the intestinal tract has been 
demonstrated by numerous authors, and specifically in the appendix by 
Reiser, who speaks of a nervous spongiosa The quantity of these nerve 
fibers IS considered to be so great that some authors think they compose the 
mam mass of the mucosa (Masson^®) However, the possession by these 
nerves of sensory functions is open to dispute Thus Hill,^'^ from a study 
of the intestines of animals, concluded that the mucosa and subserosa are 
endowed with sensory function Masson^® likewise attributed to the mucosal 
fibers sensory functions He considered “a nervous system peculiar to the in- 
testinal mucosa, of entodermic origin the neuntes of which mingle 
with those of the sympathetic and foim the plexus of the mucosa” This 
plexus, according to Masson, “contains two kinds of fibers, the one centripetal, 
belonging to the neurentoderm, the other centrifugal, starting from the sym- 
pathetic ganglia and arriving at the intestinal surface ” He also stated that, 
because of the organogenic analogies of the hypothetic system with the argen- 
taffin cells, and the placodic neuro-epithelmm of the olfactory mucosa, he 
had thought that its function might be sensory rather than motor Histologic 
studies by many investigators have failed to produce definite evidence of 
sensitivit}^ most authors considering this property of the mucosa a possibility 
rather than a fact Reiser,^® Schack,^® Oshima^® and Ranson,-® on the other 
hand, stated that in spite of the negative charactei of the histologic evidence, 
the existence of sensory fibers in the gastro-mtestmal mucosa has been as- 
sumed by most physiologists The clinicophysiologic evidence would implicate 
the muscularis rather than the mucosa of the hollow viscera in the sensation 
of fulness or pain (Hertz,-^ Ryle,^" Morley,^® Kuntz,^'^ etc ) 

It may be of interest m this connection to consider, in short, the present 
concept of the origin of “appendiceal” pain Actually most clinicians con- 
sider the pain m diseases of the alimentary canal to be most frequently true 
visceral pain (Capps,-® Hertz-^) But visceral pain is usually attributed to 
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muscle tension Most authois considei the only adequate stimulus for this 
type of pain to be abnormal increase in the tension of the muscular elements 
produced by distention of the viscus, some suggesting undue contraction 
which m bringing pressure to bear upon the nerves in the wall of the hollow 
viscera, may pi oduce pain The pain involved in undue contraction, however, 
IS generally considered to be the result of distention of a neighboimg segment 
of bowel Heitz“^ considered that true visceral pain occurs only in those 
lesions m which there is abnoimal motoi activity Interesting m this connec- 
tion IS Masson’s^ oiigmal suggestion in legard to neuromatous lesions — that 
they lepiesented sympathetic neuromata enclosed in a double muscle layer, 
every contraction of these muscles forcibly compi essmg them He believed 
that if they contained neurites m communication with the appendiceal plexus, 
they may be a point of depaiture of moie oi less important reflex difficulties 
To implicate the axial lesions in the tenderness elicited in these patients, 
one might best consider the tenderness as referred, a viscerosensory reflex, 
and accept the autonomic nei ve flbei s as the afferent paths for the transmission 
of stimuli aiismg m the appendiceal lesion While this evaluation would 
appear to be the logical one, we are leminded that the tendeiness is evoked 
geneially, by very deep palpation This may pi oduce ti action on the mesen- 
tei}^, and peiitoneal iiritation or by the coinpiession of a tense viscus, splanch- 
nic pain With refeience to this we may recall a statement of Hertz^^ 
that “referred pain, the result of the ariival in the spinal cord of impulses from 
an internal oigan, is comparatively rarely piesent alone, as the impulses from 
the internal oigan generally themselves give rise to visceial pain But pain 
originating in the peritoneum in connection with disease of the alimentary 
canal is not uncommon m the absence of visceral pain ” To fuithei obscure 
the situation one may lecall another observation of this authoi^^ that “visceral 
sensibility is exaggerated by training m hypochondriasis and visceral and re- 
ferred sensations aie exaggerated by the irritable condition of the central 
nervous system m neurasthenia and anemia ” 

Realizing the complexity of concepts of the origin of visceral pain, it 
seems evident why the piesence of neivous elements in certain appendices 
has been linked with pain felt by the respective patients Though efforts 
have been made to establish a symptom complex faiily pathognomonic of 
neurogenic appendicitis (Hosoi,’’' Llombait,^® Montandon,^® Simaid®), only 
a few investigators have satisfied themselves that such a symptom complex 
actually exists Urech,^ Montandon^*" and Schack^^ definitely doubted the 
possibility of a pieoperative diagnosis of neurogenic appendicitis being made 
While the histones of many patients having neuromatous lesions of the 
appendix may be suggestive, the objective findings are not too distinctive 
In an attempt to evaluate the significance and faculties of these contro- 
veisial lesions in the appendix, we accept the theoiy of Masson^® and Hilff'^ 
that the mucosa of the intestine contains sensory fibers and that these lesions 
lepiesent exubeiances of the same fibers (Masson) We mil regard the 
pain and tendeiness as mediated by the splanchnic neives whose receptors we 
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will hypothetically place in the innermost portions of the appendix (mucosa 
or submucosa) Our puipose is to eliminate all other factors which might be 
accomplices to, or actual agents in, the production of symptoms 

Mateual and MetJwds — One hundred foity-three appendices showing 
neuromatous lesions and some degree of obliteration, encounteied among 
the routine surgical specimens ovei a peuod of two years, were investigated 
Because of the high incidence of neuromatous lesions in appendices showing 
some degree of obliteration, this study deals with such appendices The 
organs weie fixed in 4 per cent formalin, and paiaffin sections from the base, 
midportion, and tip were stained with liematoxylm and eosm, and by the 
van Gieson, and the Masson trichiome sdver stains Of these appendices, 
81 weie removed with the preopeiative diagnosis of appendicitis, 62 were 
removed simultaneously with gallbladders 01 female genital visceia The 
vast ma3onty of the lesions obseived were aigentaffin neuromata, instances 
of nemomuscular hyperplasia being relatively infrequent 

Conscious of the fact that failuie to demonstiate the piesence of nemo- 
matous lesions may be the result of inadequate examination, but recalling that 
accoiding to MassoM these neivous lesions may be ephemeial, as a control 
36 appendices showing no nemomatous lesions and some degree of oblitera- 
tion weie investigated foi their comparative value with appendices shownng 
nervous lesions 

The clinical histones of all cases weie analyred with special attention to 
types of discomfoit complained of, physical and laboratory findings, histones 
suggestive of pievious disci ete appencliculai attacks and actual operative 
findings 

A shoit histologic desciiption of the neuioinatous lesions encountered in 
these 143 appendices shall be given This is followed by a tabulated analysis 
of the histones of the various patients, whose appendices did or did not show 
neuromatous lesions, the histones of the latter being used as contiols An 
attempt to con elate the clinical and pathologic findings concludes the study 
According to whether or not the appendix was the sole cause of the patient’s 
discomfort, the material at our disposal was divided into thiee groups 

Group I deals with the histones and clinical findings of patients w'hose ap- 
pendices, containing neuromatous lesions, iveie removed ivith the preoperatne 
diagnosis of appendicitis Special attention was given to the tenipeiatuie, 
leukocyte counts, complaints, histones of prenous attacks of appendicitis, 
and physical and operative findings Group II deals with the histones and 
clinical findings of patients whose appendices, likewise removed W'lth the 
pieoperative diagnosis of appendicitis, disclosed no neuromatous lesions 
Gioup III deals wnth patients having neuromatous lesions in incidental ap- 
pendices, ie appendices removed loutmely during cholecystectom}^ or gyne- 
cologic operations 

Pathologic Desci iptwn — Lesions varying fiom mere streaks to diffuse 
or cncumscnbed masses of neuromatous tissue measuring up to i 4 Mm 
were encountered in 143 appendices In a single appendix the varied con- 
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figurations of the axial lesions could be demonstrated Thus one segment 
revealed the negligible lumen reduced to a small slit containing cellulai 
detiitus The fragments of epithelium of opposing sides and three crypts 
were suiiounded by masses of lymphocytes peripherally m distinct follicle 
aiiangement Lymphoid elements composed the mass of tissue between resid- 
ual epithelium and peiipheral submucosa In a subsequent segment lumen 
and epithelium weie absent At the axis of a generally fatty submucosa were 
distinct 01 fusing nodes, composed of lacy tissue from which occasional 
stands penetrated adjacent tissue containing lymphocytes In sections stained 
with hematoxylin and eosm, the lace-hke tissue was composed of toituous 
columns of vacuolated, lightly eosinophilic material, the columns outlined by 
denser eosinophilic thieads (With the Masson tiichrome stain the lacy 
tissue appeared light, transpaient, led oi violet, tlie bordering fibers, dark 
blue ) Oval or spindle-shaped nuclei with diftusely distributed, fairly dense 
chromatin weie scattered thiough the tissue geneially m contact with the 
coarser eosinophilic threads The impression was gained of columns of 
spongy tissue viewed m cross and tangential section Fiom the poles of 
these lesions outspoken strands of tissue emerged In a third and more 
distal segment, the impression of stiands was magnified by the closer dis- 
tribution of thick eosinophilic threads, though heie too the intervening stioma 
was vacuolated and outlined by delicate, darker red fibrils In association 
with these weie sometimes noted argentaffin cells Argentaffin cells were 
likewise noted in lesions bordeied by lymphocytes In many cases the dis- 
position of these lymphocytes in sepaiated masses was distinctly reminiscent 
of the follicles of the mucosa and the submucosa Other components fre- 
quently observed by us as well as by other investigators, were eosinophilic 
leukocytes Both these elements aie features of the normal mucosa It seems 
that the lymphocytes, because of the frequent regularity of their disposition, 
are generally not evidences of i egression of aigentaffin neuromata but rather, 
like the neuromatous tissue, vestiges of the noimal mucosa and submucosa 
In a few instances the hght-staining elements weie delicate columns or 
strands among which were ganglia cells Foi the presence of these we postu- 
late inflammation which, m completely destioymg the mucosa or m producing 
cicatricial contraction in a centiipetal diiection, thrusts these submucosal 
structures, possibly irritated to hypertiophy, m a piominent and axial position 
Occasionally a nodule was seen which tmctorially vei y closely resembled m 
its constituents the muscularis mucosa, the columns or fibeis in these cases 
being somewhat more compact In a single instance the unobliterated segment 
disclosed a pioliferation of musculaiis mucosa with appaient extension into 
the mucosa In the obliteiated segment of another appendix, a circum- 
sciibed lesion measuring o 45 Mm adjoined a clustei of lymphocytes Though 
tmctorially somewhat lighter yellow, 111 sections stained by the van Gieson 
method, this lesion moiphologically resembled the muscularis mucosa In an 
unobliterated segment of the same appendix, the musculaiis mucosa definitel} 
and contrastingly bordeied hyperplastic mucosal nerve elements Throughout 
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the section neivous and muscular hypeiplasia was observed, the neivous tissue 
being very conspicuous in the mucosa The above lepiesents the slightly 
varied pictures, exclusive of pine scar and granulation tissue, which we 
observed 

From this short outline it may be infeired that the structures described 
may be nei vous elements In morphology they strongly i esembled the mucosal 
mesh Fiom our mateiial it appears that the neive tissue present m the 
center of obliterated appendices, just as the lymphocytes and lymph follicles 
which weie often encountered, is an apparent vestige of elements normally 
pi esent m the mucosa and submucosa of the appendix 

GROUP I 

HISTORIES AND PHISICAL FINDINGS IN PATIENTS AVHOSE 
APPENDICES, CONTAINING NEUROMATA, AVERE REMOVED 
AVITH THE PREOPERATIVE DIAGNOSIS OF APPENDICITIS 

Table I is included to shoAv the pertinent data, particulaily evidences of 
pain, tenderness, etc , which could peihaps be mtei preted as the result of 
neuromata 

Opeiatwe Pathology — The following aie the peitinent featuies found 
at operation for removal of appendices which contained the neuiomatous 
lesions and no evidence of inflammation 

Of the 51 partially obliterated appendices, 30 Avere kinked or adherent 
to neighboring visceia, 13 Avere fibrotic 01 atropbic but shoAved no peritoneal 
adhesions or inflammation Eight Avere associated Avith other pathologic 
findings such as sliding inguinal heinia, maiked retioversion of the uterus, 
distended cecum 01 hyperperistaltic ileum, mesenteiic lymphadenitis, peri- 
salpingitis, ruptured peptic ulcer, large ovaiian cysts, and abscess of the In'^er 
Of the 13 patients shoAvmg no peritoneal adhesions, 111 Avhose appendices, 
according to oui standards of elimination, neurogenic lesions would be ac- 
ceptable as the etiologic element in the pioduction of symptoms, one patient 
had, in addition to appendiceal symptoms, multiple complaints such as head- 
ache, constipation and arthiitis Another was operated upon during an attack 
similar to one experienced six months previously , a third during one of multi- 
ple attacks, some associated Avith fever and the first occurring two years 
previously Thiee described multiple attacks associated Avith only appendiceal 
pain Tavo described attacks associated Avith episodes of diarrhea and fever, 
and one with constipation One patient complained of a loss of Aveight at- 
tributed to loss of appetite The pain in another Avas provoked by hungei 
and relieved by food Another, Avith no history of similar attacks, recalled 
epigastric distress, experienced one year preiaously and relieved by soda 
The abdominal pain in another Avas related to menses 

Of the 21 obliterated appendices, eight shoAved peritoneal adhesions of 
some degree occasionally producing kinks Nine Avere associated AVith extra- 
appendiceal alteration Four disclosed fibrotic changes or Avere normal Of 
the four shoAVing neither peritoneal involvement nor mechanical alteration, 
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Table I 


APPENDICES CONTAINING NEUROMATOUS LESIONS 




Number of Patients with a Clinical Diag- 





nosis 

of 



Some of the Pertinent 



— 



Miscel- 

Signs and Symptoms 

Acute 

Subacute 

Chronic " 

Interval” 


laneous 


Appen- 

Appen- 

Appen- 

Appen- 

“Appen- 

Diag- 


dicitis 

dicitis 

dicitis 

dix 

dicitis” 

noses 


17 

15 

16 

23 

7 

3 

Number of patients hav- 







ing pam in epigastrium 

I 

3 

I 


I 


Epigastrium and right 







lower quadrant 

8 


I 

4 



Right lower quadrant 

8 

12 

IJ. 

17 

4 

3 

Lower abdomen 





I 


Left lower quadrant 





I 


Diffuse pam 




I 




Number of patients hav- 
ing tenderness in epigas- 
trium 2 

Epigastrium and right 

lower quadrhnt 2 2 

Right lower quadrant 13 12 16 12 3 3 

Lower abdomen i 

Left lower quadrant and 

hypochondnum i i 

Diffuse tenderness i i i 

Number of patients hav- 
ing ngidity in right rec- 
tus region 92 3 i 

Number of patients hav- 
ing gastro-mtestinal dis- 
turbances 

Nausea i 3 5 9 2 i 

Vomiting 

Nausea and vomiting 3 5 4 

Diarrhea i i 2 i i 

Constipation i 4 i i 

Nausea and diarrhea i 

Elevation of temperature 16 4 2 3 i 

Increased white blood 

count 16 7 8 92 

Previous attacks 8 9 8 14 3 

Remarks 

Acute Appendicitis 

Five appendices showed histologic evidence of inflammatory lesions 
Six appendices associated with extra-appendiceal lesions 
Subacute Appendicitis 

One appendix showed histologic evidence of inflammation 
Two appendices associated with extra-appendiceal lesions 
Chronic Appendicitis 

One appendix showed histologic evidence of inflammation 
Three appendices associated with extra-appendiceal lesions 
"Interval” Appendix 

Two appendices showed histologic evidence of mflammation 
Four appendices associated with extra-appendiceal lesions 
Six patients disclosed no tenderness 
“Appendicitis” 

Two appendices associated with extra-appendiceal lesions 

in two patients the pam occurring in attacks w’^as associated wnth episodes 
of constipation Another, with a preoperative diagnosis of acute appendicitis, 
had a leukocyte count of 16,000, the urine postoperative!} containing red blood 
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cells and occasional white blood cells The fourth, a diabetic, complained of 
epigastric pain and belching of nine weeks’ duiation 

Snmmm y — Eighty-one patients whose appendices, containing neuromata, 
were removed with the preoperative diagnosis of appendicitis, disclosed the 
following 

Protocols revealed that 42 patients had histones of previous discrete at- 
tacks, after which discomfort persisted foi a period, or gave histones of 
definite lecurrent attacks 

Of the 81 appendices, nine were the seat of inflammation, two showing 
acute suppurating inflammation, this condition having been diagnosed pre- 
operatively Two appendices displayed less extensive inflammations one 
a catarrhal inflammation, the other a focal suppurating inflammation Of 
these one was diagnosed acute appendicitis, the other “interval appendix ’’ 

Five showed subacute obliterating, or subacute inflammation m partially 
obliterated appendices Two of these sliowed gross evidence of previous in- 
flammation m the nature of periappendiceal adhesions Of these five ap- 
pendices, two were diagnosed preoperatively as acute appendicitis, one as an 
interval appendix, one as subacute, and the fifth as chronic appendicitis All 
the patients gave histones of similar previous attacks At the time of opera- 
tion the temperature and leukocyte counts of four patients were noimal The 
fifth patient, operated upon with the diagnosis of acute appendicitis, had a 
slightly elevated temperature, a leukocyte count of 12,000, and some rigidity 
Thirty-eight appendices showed pei lappendiceal adhesions or bands pro- 
ducing kinking or stasis with fecohths 

Seventeen patients had clinical evidence and operative confirmation of 
extra-appendiceal lesions 

The appendices of 17 patients were observed to be thickened, fibrotic or 
normal, with no record of extra-appendiceal involvement 01 impaction 

The ages of the patients in this group varied between ten and 52 years 
Nine were in the second, 38 in the third, 12 in the fourth, 20 in the fifth and 
two m the sixth decades Twenty-eight of these patients were men, 53 were 
women 

Fioni an analysis of the histones and clinical findings, in the absence 
of any nnifoi nnty and specificity of signs 01 symptoms, it seems cleai that 
the nen7 oniatoiis elements in all these appendices cannot be made t espoiisible 
foi some of the symptoms and paiticulaily foi the pain suffeied by these 
patients These findings do not substantiate the con ectness of the diagnosis 
“neui ogeiiic appendicitis ” 

GROUP II 

HISTORIES AND PHYSICAL, FINDINGS OF PATIENTS WHOSE 
APPENDICES, CONTAINING NO NEUROAIATA, WERE REMOVED 
MHTH THE PREOPERATIVE DIAGNOSIS OF APPENDICITIS 

Table II shows the pertinent data, particularly evidences of pain, tender- 
ness, etc , m a series of patients upon whom the clinical diagnosis of appen- 
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(licitis was made Tliese appendices showed no neuromata This group may 
seive as a contiol to deteimine whethei oi not symptoms and physical find- 
ings, paiticulaily m legaid to pain and tenderness, dififer in patients with 
and without appendiceal neuiomata 

Tablc II 

APPENDICnS CONTAINING NO NEUROMATOUS LESIONS 

Number of Patients with a Clinical Diagnosis of 


Some of the Pertinent Signs 

Acute 

Subacute 

Chronic 

“Interval” 


and Symptoms 

Appendi- 

Appendi- 

Appendi- 

Appen- 

"Appendi- 


citis 

citis 

citis 

dix 

citis” 


9 

9 

10 

4 

4 

Number of patients having pain 






in epigastrium and right low er 






quadrant 

2 



I 


Right low'er quadrant 

4 

7 

7 

3 

4 

Right upper quadrant 

I 

I 

I 



Diffuse pain 


1 

2 



Number of patients having ten- 






derness in epigastrium and 






nght lower quadrant 




I 


Right lower quadrant 

7 

8 

6 

3 

4 

Right upper quadrant 



I 



Diffuse tenderness 


I 

I 



Number of patients having n- 






gidit}'' in right rectus region 

4 

I 

1 



Number of patients having gas- 






tro intestinal disturbances 






Nausea 

I 


3 


I 

Vomiting and diarrhea 


I 




Nausea and vomiting 

3 

2 

2 



Diarrhea 


2 

I 


I 

Constipation 


2 

I 


I 

Elevation of temperature 

9 

3 


I 

I 

Increased white blood count 

9 

4 

2 

I 


Previous attacks 

4 

7 

8 

4 


Remarks 






Acute Appendicitis 







Four appendices associated with extra-appendiceal lesions 
Subacute Appendicitis 

One appendix associated with extra-appendiceal lesion 
Chronic Appendicitis 

One appendix showed histologic evidence of inflammation 

Two appendices associated with extra-appendiceal lesion 

Opeiafive Pathology — Of the 36 appendices showing no neuromatous 
lesions, a partially obliterated appendix was the seat of a subacute inflamma- 
tion, the temperature and white blood count being normal Of the 20 partiall} 
olfliteiated appendices showing no mflammatoiy lesions, in 12, factors tsere 
disclosed operatively which on a mechanical basis might have produced the 
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symptoms complained of In three instances extia-appendiceal intra-abdommal 
lesions were disclosed opeiatively In five no intra-abdommal or intrinsic 
appendiceal alteration was detected operatively, other than fibrosis 

Of the latter, thiee appendices weie removed dining one of frequent at- 
tacks of pain simulating appendiceal colic The attacks in the fourth patient 
occurred premenstrually In the fifth patient appendiceal symptoms were 
associated with belching and epigastric distress 

Six of 15 obliterated appendices disclosed at operation alterations which 
may have been lesponsible, on a mechanical basis, for symptoms Extra- 
appendiceal lesions weie associated m four instances 

Of the five showing neither intia-abdommal noi appendiceal alteration 
other than fibrosis, one was associated with postprandial pain and intractable 
constipation, another with diairhea associated with emotional upsets, the 
pain of a third, oiiginally unrelated to foods or evacuation, lately occuired 
postprandially and w^as associated wuth diaiihea, the fourth had recently 
sustained a deliberate (dietary) w'eight loss of 50 pounds , the fifth, operated 
upon with a diagnosis of acute appendicitis, had an elevation of temperature 
of o 5° F and a white blood count of 12,500 

Summary — Of 36 patients whose appendices, containing no neuromatous 
lesion, were removed with the preoperative diagnosis of appendicitis, 23 gave 
histones of pievious disci ete attacks simulating appendicitis One appendix 
w'as the seat of subacute appendicitis Eighteen appendices showed peri- 
appendiceal adhesions Exti a-appendiceal lesions weie present in seven in- 
stances Ten appendices weie thickened, fibrotic or normal but disclosed no 
extiinsic lesions The ages of the patients 111 this gioup varied between 
II and 62 years, 30 being evenly distiibuted in the second, third and fourth 
decades, six patients being above 41 years of age Eight patients W'eie men, 
28 were wmmen 

Fiom an analysis of this coiitiol gioup, it seems clcai that the histones and 
clinical findings of these patients did not vaiy gieatly fioni those zuhose ap- 
pendices contained iieiiioinata This fact also makes the diagnosis "neuio- 
gcnic appendicitis” veiy questionable 

GROUP III 

INCIDENTAIi FINDINGS OP NEUROMATOUS LESIONS IN APPEN- 
DICES IVHICH W^ERE REMOVED DURING CHOLECYSTECTOMIES, 
HYSTERECTOMIES, ETC 

This group may be mentioned in passing only It also ma}’- serve as 
contiol to show'^ pertinent signs and symptoms obviously related to the main 
disease, in instances in which the appendices just happened to show’’ neuro- 
mata 

Thirty-one appendices with neuromatous lesions accompanied diseased 
gallbladders The symptomatology and objective findings in these patients w^ere 
entirely 1 elated to gallbladder disease The tenderness w’as largely restricted 
to the h} pochondrium and the right iippei quadrant The neuromatous lesions 
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varied up to o 375 i\Im in dianietei Aieas in the mucoba of the unobhteratcd 
portions frequently contained prominent ner\ous elements Of interest is th( 
fact that patients m this gioup \aried in age between 26 and 59, the majont'. 
being in the fourth and fifth decades Theie were 26 women and five men 

Of 31 appendices containing neuiomatous lesions, 21 accompanied large 
uterine mjofibromata, many with adenomyosis Four accompanied large 
ONaiian tumois, one an inflamed salpniK, one an ectopic pregnancy, and one 
a ruptured o\arian c}St Three accompanied w'edges of ovarian tissue excised 
because of multiple follicle c}sts The ages of the patients \aried betw'een 13 
and 57, 17 being being m the fifth decade, seven in the fourth 

Twent} -three patients had alterations in menses Seventeen complained 
of pain usually m the lower abdomen No tenderness w'as elicited in 12 in- 
stances A mass was palpated without the production of tenderness m three 
and with production of tenderness 111 four patients Ten patients evidenced 
tenderness to abdominal or vaginal palpation Tenderness in the right lower 
quadrant w'as elicited m only twm patients, one having a tubal pregnancy, 
the other a recentl} ruptured ovarian cyst 

Twenty-nine patients were operated upon with a gynecologic diagnosis, 
two w'lth diagnoses of appendicitis One of these actually had a ruptured 
ovarian cyst , the other, a salpingitis 

Discussion — A rigid analysis of the histones and operative findings in 81 
patients wdiose appendices showed neuromatous lesions and some degree of 
obliteration, re\ealed nine appendices to be the seat of inflammation, 17 
to be associated wnth extra-appendiceal lesions and 38 with peritoneal ad- 
hesions or bands Whereas these adhesions did not ahvays involve attach- 
ment to the parietal peritoneum or mesentery and irritations of somatic 
nerves, they definitely introduced a barrier to the proper functioning of the 
intestine It is our impression that the symptoms of appendicitis occurring in 
repeated attacks at varying intervals may primarily have a mechanical basis 
The kinking, twnsting or fixation of the appendix, by adhesions or bands, may 
interfere wnth its property of evacuation This failure to empty may produce 
intermittent distention in an already thickened or poorly distensible organ, 
producing pain without elevation of temperature and leukocytes, a syndrome 
frequently diagnosed as “chronic appendicitis,” or “interval appendicitis ” 
If, however, this failure to empty produces prolonged stasis and possible in- 
terference wnth circulation, an inflammation may supervene This inflam- 
mation may be severe or mild, obviously demanding surgical intervention, or 
subsiding spontaneously, leaving as evidence more adhesions, further kinking, 
and denser fibrosis When the appendix is entirely obliterated, the element 
of distention in the production of pain is not a consideration However, 
there is roentgenologic e\ idence that pei lappendiceal adhesions causing a tug 
on neighboring segments of intestine ma} alter the normal evacuation of the 
ileum and probably incite some degree of distress 

Seventeen appendices satisfied our criteria, in that mechanical and ex- 
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tnnsic factors were eliminated However, comparisons of these wnth appen- 
dices likewise devoid of extrinsic alterations and shownng no neuromatous 
lesions somewdiat weakened then significance Sixty-twm appendices lemoved 
simultaneously with othei organs, the major seat of pathologic changes, and 
being associated with no, oi rare and questionable appendiceal symptoms, dis- 
closed neuiomatous lesions of compaiable magnitude The apparently inci- 
dental feature of the lesions m these instances and the fact that they occurred 
at a relatively advanced age fuither detiact from their specificity 

In several w^ell studied cases, foituitously occuirmg m physicians or their 
relatives, neuromatous lesions w'eie encountered m the obhteiated poition of 
acutely inflamed appendices, and histones of multiple very similar, perhaps 
less severe attacks than that provoking the operation, were obtained In the 
course of examination of appendices accompanying other organs, often 
catairhal, sometimes focal suppuiatmg inflammation is encounteied, actually 
an accidental finding That appendicitis of subchmcal variety may occui is 
evidenced by oui still high moitahty fiom appendicitis That relativel)'^ be- 
nign inflammations occur and subside is manifest by the high percentage of 
obliteration encounteied m age gioups incompatible with involutional oblitera- 
tion of the appendix How^evei, the presence of the same lesions m older age 
gioups as disclosed by the 62 appendices accompanying diseased gallbladders 
and internal genital organs, w'ould indicate them to be meiely a feature of 
obliteiation 

If the lesions aic the sequelae of inflammation, they may be pioducts 
of piecipitous alterations of the mucosa Inflammation notoriously depletes 
the lymphoid tissue (Masson^®), leaving the lesidual mucosal elements con- 
spicuous Of these, nerve fibeis are a prominent component Opposing poi- 
tions of lesidual mucosa and suhmucosa at the site of injury fuse and thus 
we obtain the picture illustrated by many authors of neuromatous lesions of 
the appendix Masson stated that neuromata m the state of 1 egression are in- 
filtrated by lymphocytes, and distinguished betw'een infiltrating lymphocytes 
and persistent follicles It has been our experience to find large neuromatous 
lesions bordered or separated by lymphocytes, very frequently in follicle for- 
mation, to find infiltrating lymphocyte coextensive wuth outspoken follicles 
W e have the impression that the presence of lymphocytes is not a reliable evi- 
dence of regression of neuromata and that these cells are most fiequently 
lesidual elements of the mucosa or submucosa 

The histones of patients with and without neuromatous lesions vaiy little 
Specific chaiacteis are lacking, particularly as concerns pain It is neither 
more confined to one region, nor more diffuse, neither moie nor less seveie 
in those patients wnth neuromatous lesions in their ajipendices, than m patients 
wuthout such appendiceal lesions This is also true when the appendix show's 
inflammatorj' changes m addition to neuiomatous lesions Fiom the histones 
of the patients with neuromata in their appendices, and from the histones of 
the control groups, it seems clear that the neuromatous lesions m the appendix 
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die meie incidental findings, not likely either to cause clinical symptoms or to 
altei the clinical symptoms of any vaiiety of appendicitis The term “neuio- 
genic appendicitis,” therefoie, seems unwai ranted 

CONCLUSIONS 

The so-called neniomatous lesions occinnng m the axis of a considerable 
peicentage of paitially oi completely obliteiated appendices appear to be 
leinnants of mucosa, entangled in obliteiating fibrous connective tissue 
When noted in young adults, they aie peihaps stigmata of previous inflamma- 
toiy assault upon the mucosa oi submucosa 

Appendices containing no neuiomatous lesions, used foi clinical com- 
paiison, disclosed very similar clinical histones and opeiative findings 

By a piocess of elimination, only fragmental y evidence of the implication 
of these in the clinical phenomena of “chionic appendicitis” was obtained 
These neuiomatous stiuctuies m young individuals might be regaided 
as evidence of previous attacks of appendicitis, but are certainly of questionable 
value from a diffeiential clinical diagnostic standpoint 

Fiom the facts at our disposal, it does not seem likely that a clinical 
diagnosis of neurogenic appendicitis can be made 
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It has long been knoivn that in diabetes mellitus a distuibance of the 
metabolism of both fats and caibohydiates may occur Because the two 
phenomena seemed to be mten elated it was not unnatuial that, when insulin 
was discoveied, students of the subject rathei generally assumed a wholly 
adequate leplaceinent theiapy had been found That such is not the case, m 
ceitam lespects at least, was soon noted by Allan, Bowie, Macleod and 
Robinson^ (1924) These woikeis found m completely depancreatized dogs, 
m which the caibohydrate metabolism was conti oiled by insulin, that when 
life was piolonged foi a sufficient length of time, a distuibance m lipid 
metabolism developed which nas chaiacteiized by the deposition of excessive 
amounts of fat 111 the livei This obseivation has been amply confirmed from 
other laboratoiies 

Much latei, m 1937, Kaplan and Chaikoff- established that the process is 
a slow and vaiiable one and that dogs fed a low fat diet plus vitamin and salt 
supplements usually lequiie at least 16 weeks to insuie the consistent finding 
of a fatty acid content 111 excess of 14 pei cent of the wet weight of the 
livei j These authois"^ also noted following pancreatectomy m animals con- 
ti oiled with insulin, that a quite piompt and peisistent fall occurs in the blood 
hpid levels i\hich is most maiked foi fiee and esterified cholesterol Indeed, 
cholesteiol estei was found at times to have disappeared fiom the blood 
stream 

It IS especially mteiestmg that Allan and his coworkers,^ after having 
discovered the fatty hvei phenomenon, also found the means for its control 
This consists of the administration of raw pancreas Later, Hershey and 
Soskin^ obseived that lecithin also is effective, and Best, Ferguson, and 
Hershey'’ leported that the potent agent m lecithin is choline Ralli, Flaum, 
and Banta” confiiined the value of lecithin, and noted that when the animal 
was fed fat, lecithin was less effective than law pancreas, but that when the 
diet was low^ in fat lecithin ivas somewhat more effective Then Dragstedt, 
van Pro haska, and Haims" lepoited that the adequate dose of raw pancreas 

Presented in part before the Third Congress of the Pan-Pacific Surgical Associa- 
tion, Honolulu, T H , September 15-21, 1939 

This work was aided by grants from the Christine Breon Fund for Medical Re 
search and the Melville Luther Montgomery Donation of the Universiti' of California 

t The average normal fat content of the liver varies between 3 and 5 per cent of 
wet w'eight 
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contains fai too little choline foi the latter to be responsible foi the beneficial 
lesLilts obtained They also noted ceitain other phenomena which led them 
to conclude that a new fat-controlling hounone had been discovered Then 
observations and reasoning briefly stated aie 

(1) Total pancreatectomy in animals maintained with insulin is followed 
by fatty infiltration of the hvei 

(2) Choline and raw pancreas pi event and cure the process, but the effec- 
tive dose of the lattei contains far too little choline foi this substance to be 
the potent agent of the gland 

(3) The effective factor in law panel eas is not an enzyme earned by the 
external secretion, since (a) Exclusion of the panel eatic juice from the in- 
testine eithei by draining it to the outside thiough a fistula oi by ligating the 
pancreatic ducts does not cause the disorder, and (b) the feeding of fiesh 
pancreatic juice to the depanci eatized dog m amounts of from loo to i,ooo 
cc per 24 hours, for from 24 to 142 days, does not prevent fatty livers fiom 
developing 

(4) The effective factoi can be isolated by an alcoholic extract of raw 
pancreas and probably is a hounone 

The hormone hypothesis has not yet been pioved, however Even before 
the work of Diagstedt, ct al *’ appealed, the literature contained data which 
are directly opposed to ceitain of the findings upon which their conclusions 
are based Reference is made specifically to the deposition of fat 111 the liver 
folloAving the exclusion of the external secretion of the panel eas from the 
intestine In 1905, Pfluger® observed that when dogs were subjected to 
subtotal pancreatectomy and to ligation of the pancreatic ducts, a great in- 
crease in the liver fat supeivened These data can be ciiticized on the 
grounds that the subtotal pancreatectomy may have cieated an islet tissue 
insufficiency which was responsible for the fatty livers Such criticism can- 
not be applied to the work of Berg and Zucker® who reported, in 1931, that 
when pancreatic juice was drained to the outside by fistula or when the 
pancreatic ducts were effectivel)" ligated, extensive fatty infiltration of the 
liver developed Moreover, careful analysis of the data presented by Drag- 
stedt, et al , suggests that significant changes may have been misinterpreted 
They report that three dogs weie subjected to duct ligation and kept on a 
lean meat, whole milk, and hiead diet apparently without vitamin supple- 
ments and that the animals lost weight rapidly and died in 44, 56, and 83 
days, respectively At autopsy, the pancreas was extensively degenerated, 
but some acinar tissue, as well as the islets, was preserved Histologic sec- 
tions of the liver showed slight fatty”^ infiltration in two cases, but in the thud the 
liver was entirely normal It is not certain that these authors were justified 
in passing over the slight lipid infiltiation as of no significance, since the 
time of survival was less than 14 weeks and since it has been shown more 
recently by Ralli, Rubin, and Present,^® using chemical analysis, that suc- 
cessful ligation of the pancreatic ducts in three dogs that were observed 
for from 13 to 15 weeks lesulted in fatty changes m the liver of each one 
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A\hich were indistinguishable fiom those seen in the completely depancreatized 
dog At the time the work of Ralli and her collaborators appeared, Chaikoff, 
Entenman and I”** ** were studying the same subject We confiimed their 
findings on a larger senes of animals We also made observations on the 



effect of ligation of the pancreatic ducts upon the blood hpid levels and 
studied the influence of the feeding of panel eatic juice upon the blood and 
liver lipids of the depancieatized dog, maintained with insulin, and of the 
dog subjected to ligation of the pancreatic ducts Representative poitions 
of the experimental data are presented heie in foiii sections 

EXPERIMENTAL STUDIES 

(I) The Effect of Ligation of the Pancreatic Ducts upon Liver and Blood 

Lipids 

Piocedwe — The two mam pancreatic ducts were doubly ligated and 
divided between the ligatures The proximal stumps wei e then pulled through 
the gland and tied to the mesentery on the antiduodenal side All nervous 
and not definitely identifiable connections between the pancreas and duo- 
denum were severed, including the smaller blood vessels, so that there Avas no 
possibility of a ductal communication remaining Finally, the space betAveen 
the gland and the duodenum Avas filled in Avith omentum Avhich Avas sutured 
to the boAvel (Fig i) 

The animals were kept on a Ioav fat, adequate vitamin supplement, and 
salt mixture diet both before and after the operation and blood samples Avere 
taken at frequent intervals Fasting blood sugars Avere determined repeatedly 
upon these animals With the exception of Dog E20, the values fluctuated 
betAveen 62 and 92 mg per cent Blood sugar leA'els of from 75 to 82 mg 
per cent Avere found in Dog E20 during the first nine Aveeks after duct 
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ligation A day prior to removal of the hvei this dog showed a fasting blood 
sugar of 127 mg per cent The animals were saciificed after 20 to 24 weeks 
had elapsed, or earlier if a fatal termination seemed imminent, and the liver 
and pancreas were examined The liver was weighed and passed through a 
meat chopper three times to msuie thoiough mixing This proceduie was 
employed to make sure that the sample to be analyzed would leflect the 
average foi the entire hvei, since Chaikoff and Kaplan^- have shown m the 
depancreatized dog maintained with insulin that the deposition of fat may 
tary consideiably m the diffeient lobes of the same hvei The methods used 
for analysis have been described elsewhere (foi blood^, for the hvei^^) 

The study was divided into three paits Fust, nine animals weie fed the 
basic diet only , second, four animals were given the basic diet and eight units 
of insulin twice daily, third, six animals weie fed the basic diet plus 125 Gm 
of law panel eas twice daily 

Results — Autopsy showed in the 19 animals that duct ligation had been suc- 
cessful, as repiesented by atrophy of all recognizable acmai tissue A variable 
amount of islet tissue was observed m the different animals In geneial, it 
was consideiable and was found chiefly m the pioximal 01 gastric one-third 
of the pancreas Some islet nodules also were evident m the distal one-thiid, 
while the central one-third was represented by a dense fibious tissue sur- 
rounding the blood ressels which showed no gioss evidence of islet structuies 
Fatty infiltration of the livei, when piesent m any sizeable amount, was 
easily recognized, giossly, by the yellowish, mottled appeal ance of the per- 
itoneal and cut surfaces of the organ 

Gioiip I — BasK Diet Only The animals were studied for fiom 12 to 24 
weeks, with an aveiage of 18 weeks All of them lost \\ eight, despite the 
fact that their appetites were good and that they ingested moie food than is 
usual foi animals of then size Repeated fasting blood sugars were taken 
and showed a range between 62 and 92 mg per cent With only one excep- 
tion the livei cholesteiol and fatty acids showed maiked elevations above 
the normal The fatty acids ranged between ii 4 and 35 5 per cent, com- 
pared with the normal of from 3 to 5 pei cent The one exception (Dog E23) 
had a high cholesteiol content (051 per cent compared with normal of 025 
per cent) , but a relatively normal fatty acid figure of only 2 67 per cent 
(Table I) The reasons for this variation aie not cleai, although time may 
have been a factor, since the animal was saciificed 13 5 weeks after opera- 
tion On the other hand, the blood lipid changes in this animal were not dif- 
ferent from those observed in the other animals 

The blood lipid findings were rather variable, but 111 general they showed 
a distinct fall m all lipid constituents with the drop in esterified cholesterol 
being the most marked Thus, the blood and liver lipid changes in the duct- 
hgated animal correspond with those found by Chaikoff and Kaplan^ in 
the completely depancreatized dog maintained ith insulin 

Gioup 2 — Basic Diet Plus Eight Units of Insulin Tzvice Daily Three 
animals were studied for 20 weeks and one for 16 weeks Their appetites 
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Table III 

BLOOD AND LIVER LIPIDS OF DUCT-LIG VTLD DOGS, MAINTAINED ON A LEAN MEAT-RA\S PANCREAS DIET’* 

Blood Lipids Period Livlr Lipids 
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were good and the volume of food ingested was laige In contiast to Group 
I, two of the animals actually gamed in weight, while the other two lost 
only a moderate amount of weight Thiee of the foui animals had marked 
increases m the total fatty acids of the hvei which langed between 147 and 
342 per cent The fourth animal (Dog E25) had a slight but distinct use 
in the liver fatty acids above normal (6 32 per cent) The hvei weight also 
was low The blood hpids of this animal, howevei, were characteristic of 
the group All four dogs showed a distinct tendency for the blood lipid 
levels to fall below normal This was most marked for the esteiified chol- 
esterol (Table II) The findings were in all lespects comparable with those 
of Group I 

It IS evident, then, that lack of insulin or loss of weight is not responsible 
for the hpid changes in the blood and liver of the dog subjected to successful 
permanent obstruction of the pancieatic ducts 

Gioup 3 — Basic Diet Plus 12^ Gm of Razv Panel eas Twice Daily Five 
animals weie kept foi 20 weeks and one for 22 weeks Thiee showed def- 
inite increases in weight and three very slight losses as compaied with the 
preoperative level The liver hpids remained low with fatty acids ranging 
between i 87 and 349 per cent and total cholesteiol between 023 and 027 
per cent The blood hpids were maintained at noimal or near noimal levels 
(Table III) 

These findings correspond closely wuth the results obtained by Chaikoff 
and Kaplan^'* for the completely depancreatized dog maintained with insulin 
and fed raw^ panel eas They suggest that the blood and liver lipid changes 
which are demonstrable in the completely depancreatized dog maintained with 
insulin aie due to the exclusion fiom the bod}'’ of a substance produced by 
the acinar tissue or some other element of the pancieas w'hich is lemoved 
by pancreatectomy and lendeied ineffective by the changes wdiich occur in 
the gland follownng successful ligation of the ducts The recent studies of 
Montgoineiy, Entenman, Gibbs, and Chaikoff,^'’" Montgomery, Entenman, 
Chaikoff, and Nelson,^’’'’ and Entenman, Montgomery, and Chaikoff^^'^ point 
more directly to the pancreatic juice as the controlling medium This work 
showed that the feeding of pancreatic juice to the duct-ligated dog and to 
the depancreatized dog, maintained -with insulin, undei the conditions em- 
ployed, prevents the fatty infiltration of the hvei and the fall in blood lipid 
le^els which occur quite unifoimly in the untreated contiols The data are 
summaiized biiefly in Sections II, III, and IV 

(II) The Effect of the Feeding of Fiesh Unactivated Pancreatic Juice upon 
the Blood Lipid Levels of the Completely Depancreatized Dog Maintained 

with Insulin 

The initial -woik ivas undertaken w'lth the idea of determining -whether 
the feeding of pancreatic juice would have an effect upon the blood hpids 
similar to the admmistiation of laiv pancieas 

Pi occdiii c — Pure, unactivated pancreatic juice -was collected by means of 
a modified Elman-J\IcCaughan fistula^® from dogs which were kept 111 a good 
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nutritional state by the feeding of an adequate diet containing vitamin sup- 
plements and 30 to 50 Gm of raw pancreas daily * The salt losses were 
conti oiled by the addition of sodium chloride or sodium bicarbonate to the 
diet or by the intravenous admmisti ation of normal salt 01 Ringer’s solution 



Chart i — Showing chmges m the blood cholesterol levels of the 
completely depancreatized dog maintained with insulin, in response 
to the feeding of fresh, umctuated pancreatic juice 

The fresh juice was then thoroughly mixed with a basic diet consisting of 
raw lean meat, sucrose, bone ash, and vitamin supplements, and fed to the 
depancreatized dogs Feedings, and eight units of insulin were given twice 
dail3r The amount of juice fed ranged between 300 and 900 cc each 24 hours 
for a penod of three weeks Fasting blood samples were taken before, dur- 
mg, and after the pancieatic juice feeding penod, and were analyzed by the 
chemical methods pieviously noted ' Four experiments were performed upon 
three dogs 

Results — In each experiment the blood lipids showed, initially, the low 
levels which are characteristic of the depancreatized dog ® Feeding of fresh 
pancreatic juice caused a prompt rise of these levels to or distinctly above 
normal Wit hdrawal of the pancreatic juice resulted in a rapid return of 

* The juice producers used in tiie longer expenmeuts rccened 100 Gm of raw pan- 
creas twice daily 
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the blood lipids to the initially low levels The fluctuations were most marked 
foi cholesterol, an example of which taken from one experiment is shown 
111 Chart I These findings are quite comparable with the changes m the 
blood lipid levels of the depancreatized dog w'hich are produced by the in- 
gestion of raw pancreas (Chaikoff and Kaplan^’*) 

These initially' effective results suggested that the feeding of pancreatic 
juice over longer periods of time might have a continuing beneficial effect 
on the blood lipids and a protective action on the liver hpids Such was found 
to be the case Examples of the protective action on the blood lipids are 
showm m Table IV The effects of panel eatic juice feeding on liver lipids 
and the description of the piocedures used in both the blood and liver lipid 
studies are piesented in Section III 

(III) Tbe Effect of the Feeding of Unactivated Pancreatic Juice upon the 
Livei Lipids of the Completeh Depanci eatized Dog Maintained wnth Insulin 

P] ocedii) e — Five depancreatized dogs w'ere maintained on the basic diet 
and eight units of insulin, twice daily', as described in Section II In addi- 
tion, 125 Gm of law pancreas w'ere administered w’lth each meal, by forced 
feeding w'hen necessary, until a Mgorous appetite was reestablished The 
law pancreas was then displaced by unactivated pancreatic juice (Elman- 
McCaughan fistula) which was fed over a period of 20 weeks The circum- 
stances requiied that the juice should be collected 111 San Francisco and fed 
in Berkeley A.s a result the juice was not strictly fiesh Dogs D228, D229, 
D230 and D234 leceived an average of 377 cc of panci eatic juice each 24 
hours m amounts of about 100 to 300 cc per meal Tlie mean age of the 
juice was 16 and 28 houis at the evening and moining feedings resjDectively' 
Dog D2S6 received an average of 420 cc pei day of a juice w'hich had a 
mean age of five to seven hours at the time of feeding A.t the end of the 
study', the animals w'eie saciified by' the mtraperitoneal administiation of 
nembutal The hveis were lemoved and examined as described by Kaplan 
and Chaikoff 

Results — All of the animals weie in good spnits and their nutiitional 
condition appeared to be satisfactory' although one had lost considerable 
weight (Dog D234 liver fatty acids 3 ii pei cent) The livers showed a 
fatty' acid content that ranged f 1 om 3 1 1 and 7 o per cent as compared w itli 
the fatty acid levels of 144 to 292 pei cent (aieiage 24 per cent) that w'eie 
found in the livers of 30 controls depancreatized dogs that were obseived 
m the laboratory foi periods of 195 to 21 w'eeks on diets containing no raw' 
pancreas It is possible the results w'ould have been more favorable if the 
juice had been freshei, and available in laiger amounts (Table V) 

(IV) The Effect of the Feeding of Unactivated Pancreatic Juice upon tbe 
Blood and Lner Lipids of the Dog Subjected to Successful Ligation of the 

Pancreatic Ducts 

These studies were undertaken as controls on the observations on the 
dcpanci eatized dog, maintained w'lth insulin, since it had pre\iously' been 
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demonstrated that duct-ligated dogs develop fatty livers and low blood lipid 
levels in the absence of adequate replacement therapy Four dogs received 
an average of 420 cc of pancreatic juice per 24 hours Four other dogs were 
used as untreated controls The pancreatic juice, when fed, was approx- 
imately five to seven hours old It was obtained from animals prepared and 
maintained by the methods described in Section III The juice-fed and con- 
trol animals were maintained on a lean meat diet plus vitamin and salt sup- 
plements and eight units of insulin twice daily The latter was employed 
to protect against a possible insulin insufficiency 

Results — Pancreatic juice was found to exert a protective action on both 
the blood and liver hpids which is comparable wnth the beneficial effects of 
raw pancreas The controls, with one exception, developed high fatty 

acid levels in the liver The exception had a bordeiline fatty acid content 
of 7 13 per cent All control animals show'ed a fall in the blood lipid levels 
below the preoperative figures and below the findings in the juice-fed group 
The data on liver lipids aie sliowni in Table VI The protective action on 
the blood lipid levels is illustrated by data from two dogs in Table VII 

Discussion — Study of the existing data concerning the influence of liga- 
tion of the panel eatic ducts upon lipid metabolism discloses a preponderance 
of evidence m support of the occurrence of fatty infiltration of the liver 
following this procedure The failuie of Diagstedt, ef al to obtain fatty 
livers cannot be considered as unequivocal evidence against their appearance, 
outweighing that piesented by othei laboratoi les, since it may have been due 
to the shortei period of suivival of then animals Moreovei, a “slight fatty 
infiltration” of the hvei was noted m two of then dogs wdiich, quite possibly 
was early evidence of a change that would have become more pronounced if 
the animals had lived for a longer period of time Finally, the “normal” 
liver, found in the thud animal, which appeals to carry the burden of then 
belief, may have been due to a short survival period or to the unexplained 
biologic A^anation which w'as responsible for low’^ hvei hpids m four of our 
21 duct-ligated controls (Dog E23, 267 per cent. Dog E25 632 pei cent^^’’, 
E55, 760 per cenF®, and Dog E59, 7 13 per cent^"’") It w^ould seem, 
then, that one support foi the lipid hoimone theory is unfounded 

The existence of the second suppoit, namely that panci eatic juice when 
fed, does not prevent the development of a fatty hvei in the depancreatized 
dog maintained with insulin, must now^ be considei ed to be extremel)'^ doubtful 
m view of the w’^ork of Montgomery, et ol wdiich is summarized in 

Sections III and IV of this papei , and in wdiich it w^as showMi that the admin- 
istration of 377 to 420 cc of pancreatic juice per dog per day for 20 w'eeks 
kept five depancreatized and four duct-ligated dogs in good nutritional state 
and prevented the deposition of excessive amounts of fatty acids m their 
livers This evidence is most significant because it is positne, since the ma- 
terial fed possessed qualities of effective control in conditions w Inch quite 
uniformly lead to fatty liver formation in the absence of proper replacement 
therapy 
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The failuie of Diagstedt, et al to obtain similai results seems, there- 
fore, to have been due to some defect m their methods or materials It may 
have been a weakness in the basic regimen, since their depancreatized dogs 
failed to survive e\en with insulin replacement therapy, a circumstance which 
IS certainly contrary to oiii experience Whethei this is due to the apparent 
lack of vitamin and salt i eplacements in the diet, oi to failure to bring the 
animals safely thiough the postpanci eatectomy depression period by forced 
feeding and the use of law pancreas, whenever these methods w^ere needed 
IS uncertain The failuie may also have been due, m part at least, to the 
character and peihaps to the volume of the administered pancieatic juice 
Speculation on the latter point is of limited value, since no data w^ere given 
concerning the average daily dose Concerning the character of the juice, 
something more positive can be said Entenman, Chaikoff, and I (unpub- 
lished) observed in the course of the ivork on the influence of pancreatic 
juice upon the blood lipid levels in the depancreatized dog maintained with 
msulin,^^^ that activated pancreatic juice from the Dragstedt, Montgomery, 
and Ellis^’^ fistula gave less consistent lesults than the unactivated pancreatic 
juice obtained from the Elman and McCaiighan^® fistula It was for this 
reason that juice from the lattei type of fistula was used by us m the suc- 
cessful studies oil liver lipid control 


Tabie IV 


EFFECT OF INGESTION OF P\NCREATIC JUICE FOR LONG INTER\ALS UPON WHOLE BLOOD LIPIDS OF COMPI FTFL^ 
DEPANCREATIZED DOGS MAINTAINED WITH INSULIN 


Dog 

No 


D228 


0256 



Penod 


Period 








After 

Period 

Receiv- 


Cholesterol 


Total 

Phos 

Total 

Weight 

Pancrea- 

Fed 

ing Pan- 




Patty 

phohpid 

Lipid 


tec 

Pan- 

creatic 

Total 

Free 

Ester 

Acids 




tomy 

creas 

Juice 











Mg per 

Mg per 

Mg per 

Mg per 

Mg per 

Mg per 

Kg 

Wks 

Wks 

Wks 

100 cc 

100 cc 

100 cc 

100 cc 

TOO cc 

100 cc 

10 S 

(I)* 



142 

128 

34 

368 

31S 

Sio 

TO S 

(oI 



153 

138 

IS 

363 

313 

S16 

9 9 

S 8 

5 8 


176 

138 

37 

356 

442 

Sli 

9 6 

8 0 

8 0 


198 

148 

50 

452 

402 

650 

9 2 

10 4 


I 0 

i66 

94 

72 

412 

336 

578 

9 2 

12 7 


4 2 

182 

121 

61 

382 

382 

564 

9 I 

IS 4 


6 9 

iSi 

ss 

66 

308 

361 

459 

9 5 

18 4 


0 0 

142 

85 

57 

410 

327 

552 

9 7 

19 4 


10 9 

165 

106 

59 

376 

365 

54 1 

9 S 

23 7 


14 2 

157 

103 

54 

422 

399 

579 

9 5 

28 0 


20 0 

175 

110 

6S 

453 

400 

62S 

14 2 

(2 5 ) 



143 

TI 2 

31 

338 

372 

481 

14 7 

(I) 



146 

106 

40 

311 

358 

457 

13 6 

3 

3 


226 

128 

98 

530 

413 

756 

13 S 

7 


4 

210 

117 

93 

524 

487 

734 

14 5 

n 


S 

226 

loS 

1x8 

480 

473 

706 

14 6 

14 


II 

205 

ro 9 

96 

482 

371 

687 

14 3 

16 


13 

235 

125 

IIO 

534 

492 

769 

13 3 

23 


20 

159 

105 

54 

419 

383 

57S 


* The numbers in parentheses refer to the number of weeks before pancreatectomj 


In the light of these obser\ations it appears to be necessarj' to reappraise 
the statement of Dragstedt,^** " it seems important to recognize that the 
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absence of panel eatic juice fiom the intestine is lelatuely uniinpoi taut, lead- 
ing only to a partial impaiiment in digestion and absorption, whereas the 
deficiency in the internal secretions, insulin and lipocaic, is incompatible witb 
life” Rathei than being pioved to be unimportant, the evidence now shows 
that the exclusion of panel eatic juice from the intestinal tract by duct ligation 

Tablf V 

I IVER I IPIDS 01 Dl I>\NCRI ATI7LD DOGS FED UNACTIVATLD PANCRFATIC JUICE* 

Pancreatic Juice Liver 

Weight 





Penod 

Period 

Amount 


Fatty Acid 


Initial 

Final 

Depancreatized 

Fed 

Daily 

Wt 

Content 

Dog No 

Kg 

Kg 

Weeks 

Weeks 

Avg Cc 

Gm 

Per Cent 

D228 

10 S 

9 5 

28 

20 

377 

530 

3 70 

D229 

9 9 

9 8 

28 

20 

377 

540 

7 00 

D230 

10 I 

9 0 

28 

20 

377 

570 

5 79 

D234 

16 7 

H I 

24 

20 

377 

535 

3 11 

D2s6 

13 6 

13 3 

23 

20 

420 

470 

3 19 




Controls 




D208 

12 5 

12 5 

20 



1100 

20 40 

D209 

IS 0 

7 8 

20 



500 

IS 10 

D210 

10 2 

7 7 

20 



637 

20 SO 


* Insulin maintenance eight units tivice daily 


IS followed by blood and liver changes that are similar to, if not identical 
with, those pioduced by pancreatectomy, and that the feeding of pancreatic 
mice to the depancreatized dog, maintained wnth insulin, results in blood and 
liver lipid pictures wdiich aie indistinguishable from those produced in such 
animals by the feeding of raw pancreas 

It seems appaient, then, that the surgeon who is called upon to perman- 
ently obstruct the external secretory mechanism of the pancreas m the course 
of the treatment of lesions of this gland must recognize that, if the human 
pattern follows that of the dog, which seems likely, the procedure will lead 
to major disturbances of the individual s ability to control his lipid metabolism, 
which must be rectified by propei replacement therapy if the retention of a 
healthy condition by the patient is to be assured 

CONCLUSIONS 

(1) Successful ligation of the ductal communications between the pan- 
creas and the duodenum leads to atrophy of the pancreatic acinar structures 
and to alterations m the blood and liver lipids that are apparently comparable, 
m all respects, with the known blood and liver lipid changes which have been 
observed in the completely depancreatized dog, maintained wnth insulin 

(2) Unactivated pancreatic juice fed to the depancreatized dog, main- 
tained with insulin, or to the duct-ligated dog, controls the blood and liver 
hpids in a manner that is indistinguishable from that which follows the ad- 
ministration of raw'^ pancreas 

(3) The external secretion of the pancieas is thus established as an essen- 
tial factoi in the control of lipid metabolism The manner of its action is as 
jet not clearly understood 

(4) The suigeon must lecognize, theiefoie that the exclusion of pan- 
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creatic juice fiom the intestinal tract by operation, infection oi ductal ob- 
struction may lead to serious metabolic disturbances which must be corrected 
by proper replacement therapy if the patient s metabolic balance is to be 
1 estored 


Table VI 


1 IM R I IPHJS OI DUCT LIGATED DOGS I ED UNACTIV \TED PANCREATIC JUlCb* 





Period 

Pancreatic Juice 


Lner 


W eight 

Since 


— 

— 





Duct 

Period 

Amount 


Fatty Acid 


Initial 

Final 

Ligation 

Fed 

Datb 

Wt 

Content 

Dog No 

Kg 

Kg 

Weeks 

A\eeks 

A\g Cc 

Gm 

Per Cent 

Eib 

12 I 

16 0 

23 

20 

420 

350 

2 24 

E63 

IS 0 

19 7 

23 

20 

420 

290 

4 90 

E65 

14 3 

17 0 

23 

20 

420 

317 

4 08 

E66 

13 0 

18 0 

24 

20 

420 

372 

2 62 





Controls 




E57 

10 8 

10 7 

23 



2 SS 

31 40 

ES9 

9 2 

7 3 

23 



268 

7 13 

Eb4 

IS 3 

9 2 

23 



550 

16 60 

E 0 

14 8 

10 5 

23 



381 

22 70 


* Dogs received *1 prophylactic dose of eitht units of insulin twice dailj (see text) 
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Period 


Period 



After 

Period 

Fed 

Dog 

eight 

Duct 

Fed 

Pan 

No 


Liga 

Pan 

creatic 



tion 

creas 

Juice 


Kg 

Viks 

\\ks 

Wks 

Es6 

12 I 

(D* 




12 I 

(0) 




12 5 

3 

3 



13 5 

0 




14 4 

1 1 


8 


14 7 

15 


12 


15 8 

22 


19 


16 0 

23 


20 

Eb3 

15 0 

(I) 




IS 0 

(0) 




15 4 

3 

3 



IS 0 

7 


4 


18 I 

It 


8 


19 6 

22 


19 


19 7 

23 


20 


juicr O'' Bi OOD 1 iPiDS or duct ligatld docs 



Cholesterol 


Total 

Phospho 

Total 



— 

Fatty 

Iipid 

Lipid 

Total 

Free 

Ester 

Acids 



Mg per 

Mg per 

Mg per 

Mg per 

Mg per 

Mg per 

100 cc 

100 cc 

100 cc 

100 cc 

100 cc 

100 cc 

201 

125 

76 

42s 

402 

626 

176 

108 

68 

470 

3 P 2 

646 

172 

107 

65 

421 

332 

S 93 

185 

129 

S6 

423 

432 

60S 

233 

140 

93 

393 

489 

626 

195 

109 

86 

470 

398 

66s 

20s 

130 

75 

SOS 

486 

710 

220 

124 

96 

S 40 

460 

769 

153 

116 

37 

388 

460 

S 4 I 

160 

114 

46 

409 

417 

S69 

180 

122 

67 

498 

384 

687 

164 

127 

37 

46O 

441 

630 

196 

I41 

S 5 

448 

382 

644 

207 

124 

83 

432 

474 

639 

199 



473 

42s 

672 


* The numbers in parentheses refer to the number of ueeks before pancreatectomj 
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THE ROLE OP THE SECOND THORACIC SPINAL SEGMENT IN 
THE PREGANGLIONIC SYMPATHETIC INNERVATION OF 
THE HUMAN HAND— SURGICAL IMPLICATIONS 

Lawhence N Atlas, M D 
Cleveland, Ohio 

>HOM THL PLRIPHFR\r \ASCUL\R CLIMC DEPARTMENT OF SURGERY CIE\EL\ND CITi HOSPITAL ^ND ITIOM THE 
DFP\RTMFNTS OF SURCFRY \ND ANATOMY SCHOOL OF MEDICINE M FSTERN RF-SFR\E UM\ ERSm UJ\EL.AND, OHIO 

Opportunities permitting accurate observations concerning the role 
played by a single spinal segment in the sympathetic mneivation of a portion 
of the human body are exceedingly limited Of necessity, our knowledge of 
segmental sympathetic innervation has been obtained through experiments on 
lower animals, yet sympathectomies performed upon man often disclose 
discrepancies between the anatomy of the segmental sympathetic innervation 
as it exists in lowei animals and as it pertains to the human being 

This IS illustrated m a recently published difference of opinions concerning 
the Telford^ and Smithwick- operations for preganghonically denervatmg the 
blood vessels of the arm In these operations, the connections of the first 
thoracic ganglion with the spinal cord are purposely left intact to avoid destruc- 
tion of postganglionic fibers and the production of a Horner’s syndrome 
Kuntz and his associates^ have demonstrated that m lower animals the first 
thoracic segment contributes to the sympathetic innervation of the forehmb 
and, therefore, contend that the Telford and Smithwick operations are anatom- 
ically inadequate However, on the basis of clinical observations, DeTakats,^ 
Learmonth,' and White® support Telford's and Smithwick's conclusions to 
the effect that, provided they are performed properly, these operations will 
completely destroy the preganglionic sympathetic innervation of the blood 
vessels of the human arm 

To denervate the blood vessels of the hand, I prefer the preponderantly 
preganglionic type of operation m which, through a posterior approach, the 
second thoracic ganglion, the adjacent portions of the sympathetic trunk, the 
connections with the second intercostal nerve, and the posterior end of that 
nerve are resected Through a peculiar opeiative eiror, an opportunity was 
presented in one of these cases to perform a controlled study on the contibu- 
tion of the second thoracic spinal segment to the sympathetic mneivation of 
the human hand 

Case Report — Clinic No i86, irS EC, white, female, age 32, was admitted to the 
Peripheral Vascular Clinic of Cleveland Citj Hospital, and gave the following history 
Fifteen jears previouslj, at age 17, she noticed, for the first time, that the fingers of both 
hands w ould become white and cyanotic on exposure to cold or during an emotional upset 
At age 25, eight jears later, she developed a progressive atrophic arthritis which resulted 
in severe deformity and crippling of her hands In addition, she began to suffer intenselj 
from sensations of coldness and numbness in the deformed digits These had persisted 
unabated during the past eight jears and she desired relief 
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Physical Examtnalion — Botli hands ^\elc markedlj' deformed the \aiious joints 
Iieing fixed in distorted positions (Fig i) In addition, both hands were deeply cyanotic, 
markedly cold to the touch, and covered with perspiration Pulsation was palpable in 
both radial arteries There was no ulceration, but there were beginning sclerodermatous 
changes in the fingers A Landis test was performed, and the skin temperatures taken 



Fig I — Roentgenogram showing chronic arthritis deformans of the hands 
The arthritis was associated with a se\ere aasospasm 

from various points on both hands reached vasodilatation levels ranging between 305’' 
and 32° C Both hands became pink, and the subjective sensations of coldness and numb- 
ness disappeared It was explained to the patient that while a sympathectomy would not 
influence the arthritic process, it would relieve the sensations of coldness and numbness 
She agreed to the operation with this understanding 

Operation — February, 1939 Under general anesthesia, the posterior end of the 
right third nb was exposed and resected The posterior mediastinum was opened, and 
the posterior end of the second intercostal nerve, the second thoracic ganglion, the 
adjacent portions of the thoracic sympathetic trunk, and the rami commumcantes between 
the ganglion and the intercostal nerve were resected cn masse The ganglion was sent 
to the pathologist for microscopic examination The following day the right hand was 
pink, hot, and dry Sensations of coldness and numbness had completely disappeared, 
the left hand remained unaffected The pathologist reported that a sympathetic ganglion 
had been resected Two weeks later, a similar procedure was performed on the left 
side, the resected ganglion being sent to the pathologist for microscopic examination 

The following day it was evident, from onl3’’ a cursorj inspection, that a complete 
denervation of the left hand had not been obtained While the left hand was w'armer 
than It had been prior to the operation, it was distmctlj’’ cooler than the right hand, and 
the palm of the left hand i\as definitelj sweatj" At first it was feared that some structure 
other than the sympathetic trunk had been removed Ho\\e\er, the pathologist disposed 
of this contmgencj bj’’ reporting microscopic identification of a sjmpathetic ganglion The 
nijsterj’- was not cleared up until some w’eeks later, vhen a routine roentgenogram of 
the chest reiealed that a technical error had been made during the second operation 
The fourth rib instead of the third rib had been resected (Fig 2) This meant that the 
third left thoracic ganglion instead of the second had been remo%ed, and that the second 
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left thoracic ganglion and its connections with the spinal cord w'eie intact The bilateral 
anatomic arrangements resulting therefrom is sliowm in Figure 3 It is seen that a con- 
trolled experiment had accidentalh been set up in which any difference in the extent of 
the sjmpathetic denervation between the left and right hands would indicate the presence 
of preganglionic simpathetic fibers emerging from the spinal cord through the ventral 
root of the left second intercostal nerve 



Fir 2 — Roent>.enoi,in>' of the iiiiper thoncic resion Note 
tint the posterior end 01 the third rib has been resected on the ii,jht 
side and the posterioi end of the fourth nb on the left 

Six months later this difference was measured At a room temperature of 25° C 
skin temperatuie leadings were taken from the palms of both hands and the tips of 
the fingers (Table I) 


Table I 


SMX TCMPCRATURL READICCS SIX MOXTIIS POSTOPLR XTIt L 



Right 

Left 

ilm 

31 0“ C 

28 0° C 

1st finger 

31 0“ C 

28 0° C 

2nd finger 

31 5° C 

27 0° c 

3rd finger 

30 5° c 

27 0° C 

4th finger 

30 0° C 

27 S°C 

Sth finger 

31 o°C 

28 0° C 


From Table I it is seen that the left hand was distinctly cooler than the right, the 
difference ranging from 25° to 4 5° C (The patient \olunteered the information that 
while complete subjects e relief had been obtained m the right hand, the left hand had 
not been benefited to the same extent ) 

A Landis test w'as then performed As has been shown," a rise in the skin tempera- 
tures of the extremities in response to warming the bodj is dependent upon an intact 
s>mpathetic ner\e supplj Forte minutes after the test had begun the temperatures were 
as noted in Table II 

From Table II it is seen that while the skin temperatures of the right hand were 
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Table II 


TEMPFRATURF RFADINGS 40 MINUTES AFTER BEGINNING OF 1 VNDIS TEST 



Right 

Left 

Palm 

31 2° C 

32 7°C 

1st finger 

30 9° C 

32 8° C 

2nd finger 

31 I°C 

326° C 

3rd finger 

30 3° C 

32 2° C 

4th finger 

30 1° c 

33 0°c 

5th finger 

30 9 ° c 

32 3 ° c 


not affected by warming the bodj, tliosc of the left hand rose from 47° to 56° C 
(Chart i) The left hand also perspired during the test while the right hand remained 
dry 

Synipathectoniists chffei as to 
the precise lole played by the sec- 
ond thoracic spinal segment in 
the sympathetic innervation of 
the upper extremity Cask and 
Ross® state that the connector 
cells for the preganglionic sym- 
pathetic innervation of the arm 
extend from the fourth spinal 
segment to the ninth Living- 
stone'' reports that he has ob- 
tained complete sympathetic de- 
nervation of the upper extiemity 
by resecting only the thud thoi- 
acic ganglion White^^' gives the ‘ - ’ 

fourth tn tho Pio-hth cmml cpcr CinKT I — The clnrt shows response of skin teni 

lourin to tne eigntll spinal seg- perjures of the completeh denertited right second 

ments as ceitain, cvith the second ‘'T "icomplaeh dener\ated left second finger 

and third questionable Incom- 
plete deneivations obtained vith the Telfoid opeiation, as repoited b} Sim- 
mons and Sheehan^^, have been interpieted by these m^estlgators as being 
evidence foi the existence of preganglionic fibers fioin the second thoraic 
segment Smitlnvick’- believes that instances of legeneration following hic 
operation also constitute strong ciicumstantial ecidence for the presence ot 
preganglionic connector cells m the second thoraic spinal segment In fact, 
he has modified his opeiation to include intrathecal dnision of the roots of 
the second intercostal nerve to prevent legeneration of jireganghonic neurons 
fioin this spinal segment The reported case shows that the second thoraic 
spinal segment definitely plays an imjiortant pait in the jireganghonic s\m- 
pathetic innervation of the hand 

The practical implications of these obseivations are that ain operation 
designed to preganghonically denercate the blood ^essels of an arm must 
completely destroy all white rami from the second thoraic spinal segment In 
e\ery instance, as determined b\ skin temperature and sweat distribution 
studies, complete, immediate denervation of the blood cessels and sweat 
glands of the upper extremity and the cutaneous cessels and sweat glands 
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j I N of the corresponding 

- '9 - ^ ^ ^ should 

Jr - :,’T r ; be obtained (Fig 4) 

£ y '%‘ ' »»' ^ In none should a Hor- 

«-■■ ■ > ner’s syndiome ensue 

\ J T J If ‘Hiy adrenalin 

T-, W sensitization has re- 

• oJt suited from the destiuc- 

II tion of the postgan- 

1 rTvn i' ghonic ramus from the 

1L SctJxiLv^ second thoracic gan- 

“ ' ghon to the brachial 

1 plexus, it has not been 

clinically significant in 
^ t these instances in which 

f^rSy/r xySyTr the sccond thoracic gaii- 

Fig 3 — A diat,ramniatic representation of sympathetic innervation tine Vippn rpcppfpri 

of the blood vessels of the hands after resection of the right second gHOn nas DCCn reseCteO 
and the left third thoracic ganglia and their corresponding rami com jj. feR that the Smith 

Rt — Right Lt— Left Br PI —Brachial plexus, Th G — Thoracic „„,i Tplfnrrl ntipe 

ganglia WRC — Preganglionic rami, Sy Tr — Sympathetic ganglio "ILK ailU iciiurci uper- 
nated trunk, MCG — Jliddle cervical ganglia, ICG — Inferior eervi Lovro LcfL Lop.-, 

cal ganglia GRC — Postganglionic rami, P — Points of surgical “■I'OllS nave OOill Ijeeil 
division Arrows indicate direction of flow of vasomotor and sudomotor nCCdleSSly COm- 


IzSyTr 


Wick and Telford oper- 
ations have both been 










Fig 4 — Photograph taken shortl> after the excision 
of the right second thoracic ganglion for causalgia of the 
right hand Patient receded an intra\enous infusion 
>*ote the profuse perspiration co\ering the left side of 
the face with complete absence of perspiration on the 
right side of the face Per«^piration stopped exactlj 'it 
the midline of face 


plicated in order to preserve this 
postganglionic ramus and thereby 
to achieve a “pure” preganglionic 
denervation It appears that this 
desire to avoid destruction of 
Kuntz s nerve has also rendered 
these operations, except when 
meticulously performed, some- 
what uncertain as to the complete- 
ness and permanency of the de- 
nervation which they effect I be- 
lieve that, by and large, excision 
of the second thoracic ganglion 
will prove to be essential if disap- 
pointing results are to be consist- 
ently avoided 

Another conclusion concerns 
the necessity of resecting the 
proper rib m a posterior approach 
to the thoiacic sympathetic trunk 
The usual procedure, after expos- 
ing the thoracic cage by dividing 
the overlying integument and 
muscular layers, is to palpate the 
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hist lib and count down Ho\\evei, the angle between the first iib and the 
corresponding transverse process is quite sharp (Fig 2) Unless care is 
taken to properly identify the first nb by hooking the tip of the exploring 
finger around its upper edge, it may he missed, m wdnch event the second 
rih wull be mistakenly identified as the first Latteily, it has been my practice 
to expose the second thoiacic ganglion and its connections by lesecting the 
second rib rather than the thud The exposuie thus effected is much more 
adequate foi the necessary manipulations 
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JEJUNOSTOMY FOR POSTOPERATI\^ FEEDING=^ 

Howard M Clute, M D 
Boston, Mass 
AND 

Leslie M Bell, M D 

AVinchlstfr, \ A 

We propose ro discuss the use of jejunostomy with jejunal feeding in 
upper abdominal surgeiy, the value of which, w^e believe, is perhaps not 
sufficiently appieciated We feel that this procedure has a definite place in 
the postoperative management of ceitain operations and that m some cases 
it IS a hfe-saving proceduie, since it permits the immediate giving of food and 
fluid to seriously depleted patients 

Jejunostomy has been advocated and has been used foi numerous condi- 
tions and complications Some of the indications for jejunostomy wdiich 
have been advocated'*'* *” ^ ^ are To nourish a devitalized patient, 

to feed inoperable cases ot cancel of mouth, necks, etc , as a pieference to 
gastrostomy, m extensive duodenal ulceis, in gastiojejunal ulcer, when the 
patient is too ill to withstand a moie extensive opeiation, in chionic biliary, 
gastric and duodenal fistulae , foi the nausea and vomiting of pregnancy , for 
pernicious vomiting and inability of stonidch to empty itself after operations 
upon the stomach, m piimaiy lesections of small and laige bow'el, foi intes- 
tinal obstiuction, and in localized and generalized peritonitis Obviously, 
jejunostomy w'as employed in these conditions foi but one oi two purposes — 
foi feeding to impiovc the nutntion of a patient eithei befoie or after an 
opeiation, oi to place poitions of the gastro-mtestmal tiact at rest 

In 1885, Gould and Lee** leported one of the eailiest jejunostomies pei- 
formed foi feeding pin poses Golding-Bird*” lepoited a similai procedure 
m the same year These patients both died 

Kirschnei ,-'* in 1929, was the fiist to make a vigorous plea for jejunos- 
tomy in gastric lesection cases in order that the patient might be kept in the 
proper nutiitional balance and in oidei to pi event the ‘ postoj^erative atony 
of the stomach ’ wdiich not infrequently follows gastric lesection He stressed 
the fact that many gastric lesections aie performed upon elderly 01 devitalized 
patients who do not toleiate fuither staivation postopei atu ely In 1929, he 
had employed the pioceduie in 60 cases wnth good results Wolfer'** has 
given a lery good review of the wdiole subject of jejunostomy with jejunal 
alimentation 

The Iinpoi tance of Adequate Nut)ition in the Ticatment of Siagtcal 
Patients — Malnutrition in the surgical patient is more widespread than is 
commonly believed, and w’e aie coming to recognize that even those patients 

* Read before the Fiftj -third Annual Session of the Southern Surgical Association, 
Hot Springs Va , December 10, ii, 12, 1940 
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^\ ho appeal to be normal may be nutritionally depleted Minot'” obseivesthat 
“The major problems of nutrition do not concern clean-cut deficiency diseases, 
but the prevention of paitial deficiency Border-line states of nutritional 
instability are much more common than is usually appreciated There is a 
wide zone between optimal nutrition and the level at which classic symptoms 
of recognized deficiency states develop ” Since a variety of complications 
following operations on the gastro-intestmal and biliary tiacts have been 
showm to be the lesult of piolonged nutritional disturbances, the nutiition of 
the patient has become of prime impoitance to tbe surgeon 

Jones and Eaton^” w’^ere tbe fiist to call attention to tbe hazaids of hypo- 
proteinemia m patients subjected to opeiations Jones and his colleagues'*” 
had then obseivations conoboiated and extended by Ravdm and his co- 
workers-® w'ho have stiessed the impoitance of hypopiotememia and 

nutiitional edema m opeiations upon the gastio-intestinal tiact 

There are several causes for latent oi manitest edema m suigical patients 
They aie Nitiogen starvation, geneial malnutrition, jiuiulent and seious 
diamage, hemorihage, severe diairhea, admimstiation of huge amounts of 
sodium salts, mci eased metabolic demands associated witb fevei and sepsis, 
and letention of base due to tempoiaiy distiubance ot lenal function In the 
past theie has been much emphasis on the salt and watei lecjuiiements of the 
surgical patient and ^ery little thought of the piotem iccjunements It has 
long been knowm that the plasma pioteins ])lay an impoitant idle m keeping 
fluids in the blood vessels, but only lecently bas it been leahzed that the 
piopei contiol of fluids and electiolyte balance m a patient must take into 
consideiation tbe plasma piotem concenti ation It is known that excessne 
amounts of sodium chloiide wall pioduce a subcutaneous edema, imrticularly 
111 the piesence of hypopiotememia, and. theiefoie, paienteial fluids must be 
used judiciously How^evei, it is the concensus of opinion of vaiious investi- 
gators that low' plasma pioteins account foi the major jiait of the edema It is 
likewise believed that the low jilasma protein is due mainly to an inadequate 
intake of protein befoie and aftei ojieration 

What are the methods available to combat an bj'poj;)! oteinemia and tbe 
consequent edema ^ Transfusions of wdiole blood oi seium are veiy helpful 
in restoimg plasma protein in an hypopiotememia patient but these aic only 
tempoiaiy aids because the basic pioblem is one of piotem legeneration In- 
ti avenous administration of ammo-acid products and l3ophiled seium are, 
admittedly, not yet efficacious in lestoiing plasma j^ioteins"' restriction 
of the intake of sodium chloiide is impoitant in ]:)reAenting edema, particular!} 
in patients with loweied plasma pioteins A high protein intake, however, is 
the one method w'e have for a permanent restoi ation of plasma proteins We 
believe, with otheis^” ‘ that low plasma pioteins in suigical patients aic 
due, in most part, to a i eduction m the intake of protein bcfoic and aftci 
opeicition Since the ahmentaiy tiact is still the best route to supph the 
necessar} elements foi piotem legeneration, and therein cause a jieimanent 
incieasc in the plasma proteins we feel that jejunal alimentation is the best 
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method to employ when the nature of the disease, oi the operation, prevents 
any intake by mouth, for several days 

During the past few years, it has become incieasmgly obvious that the 
vitamins play a very impoitant and necessaiy role m the proper nutrition 
and well-being of an individual There is ample evidence now that many 
people live m a chronic state of vitamin deficiency, due to an msufificient or 
unbalanced diet A considerable numbei of patients ^Mth gastro-mtestmal 
lesions have for some time prior to admission to the hospital received an 
inadequate nutrition, more particularly when anorexia, vomiting and pain 
are present, and some of them have a subclmical or clinical deficiency of 
certain of the vitamins Fortunately, the effects of a vitamin deficiency can 
be corrected quite promptly 

Vitamin A provides for a healthy epithelial structure and, therefore, is one 
factor in the prevention of postopei ative bronchitis, pneumonia and urinary 
tract infections The vitamin B complex is important for the proper function 
of the gastro-mtestmal tract Ravdm ef al have demonstrated that a 
vitamin B deficiency prolongs the emptying time of the stomach The lack 
of intercellular cement in vitamin C deficiency is one of the causative factois 
m wound disruption-- and subcutaneous edema One need only note the 
edema, hemorrhages and poor healing of a patient with scui vy to find proof 
for this statement The use of vitamin K in raising the prothrombin level of 
the blood is now well-established 

There is theoretical, exjiei imental and clinical evidence that a sufficient 
protein and vitamin intake will lessen the chance of postoperative infections , 
will lessen the amount of edema in the operative area, will give a better and 
firmei healing of wounds, will permit a more normal function of the gastro- 
mtestmal tract, and smoother postoperative convalescence Therefore, w'e 
feel that it is most important to immediately correct these nutritive deficiencies 
preoperatively if the patient is able to take food by mouth and to continue a 
diet rich in proteins and vitamins postoperatively by means of jejunal alimen- 
tation 

Types of Food foi Jejunal AInnenfatwn — The pabulum suggested by 
Scott, Ivy and Holmger'*'* is undoubtedly a good one when prolonged or 
permanent jejunal alimentation is to be cairied out Hoivever, Ave have found 
that a simple formula is entirely satisfactoiy foi complementary feedings 
during the postoperative period aftei uppei abdominal surgical piocedures 
We have used the following formula with consistently good results — 500 cc 
milk (peptonized'*'), one egg, 6 mg thiamm chloride, 15 cc vitamin B com- 
plex syrup, 300 mg cevitamic acid, and three drops of Hahver oil with Vios- 
terol This amount of the formula yields approximately 380 calories In 
the last few^ cases, we have used skimmed inilk, thereby eliminating practically 
all of the fat from the pabulum, and theie have been no cases experiencing 
diarrhea, as did a few wdien wdiole milk w'as used The milk and well-beaten 
eggs are peptonized and then the vitamin concentrates are added It may be 
administered b} a simple “drip” apparatus 

* Peptone from Fairchild Bros &. Foster, New York, N Y 
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POSTOPERATIVE JEJUNAL FEEDING 


The jejunal feedings aie stalled 12 to 24 houis aftei the patient has been 
letuined fiom the opeiating room Only 200-300 cc of the pabulum is taken 
from the refiigerator and placed into the flask of the diip appaiatus at 011c 
time At first, the pabulum is allowed to diip so that about 50 cc is intio- 
duced into the jejunum each houi, 111 ordei that the jejunum maj become 
accustomed to the feedings The pabulum is too thick to “drip” like paienteial 
fluid and it lequiies the attention of a nuise occasionally to see that it is lun- 
ning m at the piopei speed Giadually, dining the next 24-48 houis, the 
amount of jjabulum allowed to lun m is inci eased to 100 cc pei houi. and 
this IS continued day and night Natuially, the amount of pabulum and the 
lapidity with which it can be introduced wnll vary with the individual tolei- 
ance foi the jejunal feedings No set rule can be used foi all cases We try to 
introduce 2,000-3,000 cc of j)abulum over the 24-houi period aftei the second 
01 third postopeiative day Unless the pabulum is introduced slow'ly the pa- 
tient wall have abdominal disti ess and he may experience nausea, vomiting 01 
diaiihea, the lattei may be coiiti oiled b}'- the addition of small doses of 
paregoric to the feeding 

Foi the first two or three days aftei opeiation, aspiiation of the stomach 
is carried out at 12-houi intervals If theie is any significant amount of 
upper gasti o-mtestmal secretions obtained by aspiration, these important 
juices are placed in the jejunal feedings, so that the patient will have the use 
of these vital elements which would otheiwise be denied him Vitamin Iv 
concentrates and non pioducts are added to the feedings wdien these are indi- 
cated Also, we have used the pabulum as a means of giving codeine, aspirin 
and the baibiturates foi analgesia and sedation, and w^e believe the patients 
experienced a more comfortable postoperative course wuth this method of 
sedation The lack of thirst and hunger with this method of feeding added 
to the smoothness of the patients’ com alescence In all cases, we w^ait until 
at least the twelfth postoperative day, so that a definite fistula wall have been 
established before w^e remove the tube 

Indications — Jejunostomy, as a complementai ) pioreduie, should be con- 
sidered in the followang situations 

I GASTRIC OPERATIONS 

(1) Total gastrectomy 

(2) Subtotal gastrectomy 

(3) Posterioi gastro-entei ostoni} 

(4) Gastroduodenostoni} 

(5) Resection of gastrojejunocolic fistula 

All} one who has had much experience with gastric surgerc has had cases 
in which the stomach would not empt} itself properl} following operation 
This has been called the “vicious c}cle of lomiting,” “postojieiatne aton} of 
the stomach,” and “postoperatn e gastric retention ” A pooih functioning 
gastro-enteric anastomosis lenders comalescence longei and unpleasant, be- 
cause of lomiting and possible pioduces a critical state 
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The ieLugni7ccl cdubcs of edcina in and aiound a gabtio-enleiie btoina aie 

(a) Inflavuuatoi y — Tins ib moie pionoimced in the carcinoinatoiib gabtric 
ulcci, wheie there ib apt to be little or no free HCl piesent, and there is likely 
to be bome infection, with its consequent edema at the site of the anastomotic 
stoma 

(b) Lovj Plasma Piotciu — Due to an inadequate intake of piotein pre- 
operatively, on account of digestive symptoms occasioned by the disease, 
patients undei going gastric operations aie prone to have low plasma pro- 
teins The low plasma protein is lowered furthei by the pi e- and postoperative 
admmistiation of parenteral fluids and by tbe enforced postoperative period 
of protein staivation on account of the nature of the operative procedure 
Ravdm et al have demonstiated a delay in the gastric emptying time in 
hypoproteinemic patients and animals before and aftei operations upon the 
stomach 

(c) Loii' Vitauun C Level in Body — When theie is inadequate vitamin C, 
there is loss of intercellular cement in the walls of the small blood vessels, 
which allows the plasma proteins to escape from the vessels in an abnormal 
amount, and thereby causes edema of the tissues 

(d) Too Much Sodium Cliloitde — One can obseive edema of the sub- 
cutaneous tissues when an excessive amount of saline has been administered, 
and this ecident edema is an externa! sign ot a geneiahzed process taking 
place tlnougiiout the body 

(e) Opciativc 1 niitma — liauina, as a lesiilt of the ojieialive piocedure 
IS a recogni/ced cause of local edema in any area of the liody 

It appeals that continuous jejunal feedings ot liigh jnotein and vitamin 
content will i educe the edema of the operative area to a inmimum 

Abbott and Rawson^ have devised a doulile-lumen tube which is passed 
thiough the stomach and into the jejunum via the gastiojejunostomy stoma 
at the time of operation By this tulie, food can be introduced into the jejunum 
and, at the same time the stomach can be kejit empty by suction thiougii the 
other lumen of tlie tube Ravelin * is an advocate for this type of tube 
for feeding patients lollowing gastric opeiations by what he calls the “oro- 
jejunal” method We have employed this tube on one occasion without any 
untow aid results, but we aie cognisant of some disadv'antages connected with 
its use It is rather uncomfoi table to the patient aftei two oi three days, and 
he IS apt to have considerable chscomfoit in the nose and phaiynx fioin nuta- 
tion Also, should the patient vomit and dislodge the distal end of the tube, 
oi should he pull it out, it cannot be leinseited We, at piesent, prefer 
jejunostomy to tbe Abbott-Raw son tube for postoperative feeding of extensive 
stomach opei ations 


11 SCKGI KV OI Till ini lAKV TKACT 

( I ) Cholecvstogasti ostoni}' 

( 2 ) Hepaticoduodenostoinv 
(3) Repair of common duct stiictures 
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POSTOPERATIVE JEJUNAL FEEDING 


Lesions icquinng the foiegoing opeiations aie apt to be associated with 
deliihtation fiom an inadequate food intake, fiom jaundice, and fioni loss of 
l)ile Jejunal alimentation, postoperatuely, puts the stomach and duodenum 
at lest and theieh} cieates an cimionment moie conducive to fiim healing of 
the opeiatue proceduies 

III AN\ rXTI'NSIVi; LPPLR ABDOMINAL OPLRATION 

In any opeiation m the uppei abdominal aiea aftei which the patient will 
not be able to take lood h} mouth for seveial days, jejunal alimentation ofteis 
an ideal way of maintaining thepiopei nutritne status of the patient This is 
particularly impoitant if the patient is debilitated on account of his lesion and 
on account of an inadequate food intake pnoi to the operation, as m a gastro- 
jejtinocohc fistula 

Table I gives a list of 14 lecent consecutive cases in which we have 
employed jejunostonn foi postojierative feeding pin poses, because we felt 
that these patients had been on an inadequate diet for some time prior to then 
opeiation, 01 that then opeiative piocedures wan anted postopeiative jejunal 
feeding in oidei that their recoveiy would be smoother and shoiter There 
was no mortaht} in these cases 


1 ^111 r I 


lOLRTIf-S 01 r RATIONS PUS COMI LI MPST \R\ jrjlISOSTOM\ 






Days 





in Hospital 


DiaRno<iis 


Operation 

\fter Operation 

] 

Carcinoma of stomach 


Total pastrectomv 

16 

2 

Carcinoma of stomach 


Total pastrectomj 

19 

3 

Chronic duodenal ulcer 


Subtotal gastrectomN 

16 

4 

Carcinoma of stomach 


Subtotal Rastrectomj 

20 

5 

Stneture of common duct 


Hepaticoduodenostomj 

17 

6 

Gastnc ulcer 


Subtotal gastrectomj 

17 

7 

Chronic duodenal ulcer uith pjinne 

oh 

Gastroduodenostomi 

19 


struction 




8 

Carcinoma of pancreas 


Cholecystogastrostomy 

14 

9 

Carcinoma of jejunum 


Posterior gastro enterostomj 

18 

10 

Gastric ulcer 


Subtotal gastrectomj 

59 




(Had postoperative lung abscess and 





osteomyelitis of sacrum ) 


II 

Carcinoma and polyposis of stomach anRina 

Subtotal gastrectomj 

20 


pectoris 




12 

Gastrojejunocolic fistula 


Resection of gastrojejunocolic fistula 

15 

13 

Chrome duodenal ulcer uath pyloric 

ob- 

Posterior gastro -nterostomv 

20 


struction of three weeks duration 




M 

Chrome duodenal ulcer 


Subtotal gastrectom\ 

25 


Techmc of Jejunostomy — 

-We 

have employed the simplest 

technic'* m 


pei forming jejunostom^ The four illustrations (Figs i, 2. 3 and 4) with 
their legends make this sufficiently clear so that further desci iption in this text 
seems unnecessaiy 

This method of performing jejunostomy is a combination of steps selected 
from various more complicated procedures advocated by others It is an 
adaptation of the Stamm gastiostom}, which Hofmeister,’'* in 1905, recom- 
mended foi use on the intestines Long,”'* Mayo,”** Clue,"* and others, have 
written about, and have advocated this type of entei ostomj 
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Ihis technic has gneii us ^el} giatihiiig lesults It is ■vei}’^ simple, \\itli 
small ch^ince foi a technical eiior It requires onh two to font minutes to 
perfoim, and, therefore, does not add mateiiall}’^ to the time or to the scope of 
the piimar} opeiation 1 he omentum pi e\ cuts an) leakage aiound the cathetei 



Fig I — A loop of jejunum 20 or 30 cm anaj from the ligament of 
Treitz IS isolated with intestinal clamps A double ejed catheter is led 
through adjacent omentum A purse string suture is placed in the intestine 
and a stab opening made inside it The catheter is placed in the bottel pointing 
distallj, and the purse string tied about it 



into the peritoneal cavity, and we have had no trouble wuth intestinal contents 
escaping to the surface of the abdominal tvall and causing digestion of the skin 
Peiforation of the botvel by the tip of tiie cathetei,-^ and the feai that the 
second pui se-stnng might encroach upon the lumen of the bow'el are complica- 
tions which w^e have not encountered 

It has been said that the fistula may not close spontaneously when tins 
technic is used In 60 cases of enterostomj perfoimed b\ this technic fot 
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CONCLUSIONS 

( 1 ) IMalnuli ition in sui gicdl patients is %\ iclespi cad and of varying &everlt^ 
Postoperative caie, to-day, in surgical cases must continue the pieoperatne 
ti eatment of nutritional deficiency 

(2) Inadequate fluids, hypoproteinemia and vitamin deficiencies aie espe- 
cially common m surgical lesions of the uppei gastro-intestmal tract These 
can best lie managed by supplvmg propei food tbiough tlie gastro-intestmal 
tract 

(3) A simple jejunostomy at the time of opeiation piOMdes a safe means 
foi immediate administration of food and fluid, aftei opeiation, through the 
pioper body channels 

(4) A description of the technic of the enterostomy and a list of lecent 
cases foi which it was employed, is given 
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PART I 

COMPARATIVE DETERMINATIONS OP THE CYTOTOXICITY OF 
CERTAIN METALS IN FIBROBLAST CULTURE 

An IDEAL METAL for usc 111 boiie surgery should be noncytotoxic, light, 
and so strong that the bulk of the appliance could be kept small Its value 
would be still further enhanced if the physical properties were such that it 
not only cast well but existed in a malleable form, particularly if, in the 
latter state, it could be quickly hardened by heating 

A number of noncytotoxic metals and alloys are in existence, several of 
which are quite satisfactory for internal splinting of bone Of these, stain- 
less steel and Vitalhum are perhaps two of the best examples The latter 
has been carefully studied in both animals and man by Venable and his 
coworkers, ^ who have convincingly demonstrated its usefulness Our 
observations upon the effect of Vitallium upon the rate of growth of fibro- 
blasts in tissue culture (see below), and, thus far, of its tolerance (m the 
form of plates) tit vivo, afford further corroboration of its applicability 
in bone surgery 

If, at operation, the available appliance cannot be fitted satisfactorily, 
it would be very convenient to be able to alter its shape as desired, then 
quickly to harden it This, so far as we have been able to learn, cannot be 
carried out with Vitalhum, for it is not malleable 

While searching for a metal which would conform to the above-mentioned 
requirements, and which would be suitable for the repair of extensive cranial 
defects, oui attention was called to a relatively new alloy, Ticonium It is 
made up of nickel, cobalt, chromium, and molybdenum, with a small amount 
of ber)dlium added if it is to be cast The physical propertiesf are quite 

* A studi of the use of various metals for the repair of cranial defects was under- 
taken at the same time, which will be published shortlj 

t The metallurgy propertiesj of this allov in its two different forms are 
(i) Casting Allov — This alloj, which is used m casting, has the following com- 
position Nickel 356 per cent, cobalt 291 per cent, chromium 277 per cent, 
molj bdeiium 6 o per cent, ben Ilium r 6 per cent This metal has the loivest melting 
point of anj alloj m the so-called chromium alloj series and, due to the presence of 
ber\ Ilium, can be cast to a high degree of fidelity Its physical properties are as follows 
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satibfactor} — it is strong, lalhei light, and can be ^er^ accurately cast or 
•v\ rough t 

We ha\c been stud}ing the tolerance of d iconium, by living tissues, 
and hence its apphcabiht} in surger} both in vifio and ui vivo The 
present coinnninication is an account of our obsercations of the eftect ot 
Ticonium, Vitalhum, and other metals upon the growth of fibroblasts in 
tissue cultures A subsequent report will lecord our studies of local tissue 
response to plates and screws in the dog’s skull The ecidence thus far 
obtained, indicates that Ticoniuni. like Vitalhum, siher gold, and stainless 
steel, IS not c\ totoxic 

Method — Mcnegaux, Odiette, and coworkers'^ -i i c 7 s conclusnel} 
shown that the c\toto\iciU of metals can best be studied in tissue cultures 
Lately, the method of these authors has also been used b} G Krull,*^ 
and b\ A H Smook and Gaillard 

The determination of the cctotoxicit) of the metals, as carried out in 
the present stud}, is based upon the rate of growth of pure fibroblast 
cultures (obtained from the heart of a chicken embreo) in the presence 
of different metals All these obseications have been made on different 
generations of one and the same fibroblast strain This strain was started 
February 21, 1940, and was discontinued June 21, 1940, m its forty-first 
generation In order to assure growth of pure fibroblasts for actual de- 
terminations, w e did not use any generations pre\ lous to the tenth generation 

Metal disks§ were prepared similar to those described by Menegaux, 
Odiette, and Moyse ‘ Each disk measured i 5 Mm m diameter, and o 25 

Rockwell hardness C 30, cield point 65,000-68,000 lbs per sq in , ultimate strength 
90,000-93,000 lbs per sq in , elongation 6 per cent The alloj maj be heat treated if 
desirable to be hardened or softened During the hardening treatment, the alloj is 
heated to 2,000° E , quenched, and then drawn to 1,300° F The alloj then increases in 
hardness to Rockwell C 40-45 and the jield point also raises to 85,000-95,000 lbs per 
sq in This alloj in the hardened condition is quite brittle During the softening treat- 
ment, the alloj IS drawn to 2,000° F The alloj then softens to Rockwell C 18 and 
the jield point drops to about 45,000 lbs per sq in In the softened condition, the allo\ 
can easilj be worked or machined if desired 

(2) JVroughf Alloy — The alloj which is used m wrought stock has the following 
composition Nickel 36.2 per cent, cobalt 296 per cent, chromium 282 per cent, 
moljbdenum 60 per cent Its properties depend upon the amount of cold work done 
after the last anneal For example, stock drawn to 50—60 per cent cold reduction in 
area after final anneal Ultimate strength 237,000 lbs per sq in , Meld point 177,000 
lbs per sq in , elongation 6 per cent Stock drawn to a 30 per cent cold reduction in 
area after final anneal Ultimate strength 220,000 lbs per sq m jield point 183000 
lbs per sq in , elongation 6 per cent Stock drawn and fullj annealed Ultimate 
strength 150,000 lbs per sq m , jield point 96,000 lbs per sq m , elongation 31 inches 
on ten inches gauge length (52 per cent on two inches gauge length) , hardness Rock- 
well B 95 

4 The metallurgic data were made a\ailablc bj Mr E Touceda Irom the Touceda 
Laboratories, Albanj, N Y 

§The metal disks were kindlj prepared bj the Touceda Laboratories in Albanj, 
Is Y, and the Vitalhum by the Austenal Laboratories in New York Citj 
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Mm m thickness We have earned out oiu determinations on eight diffeient 
metals namely, gold, silvei, Ticonium (casting alloy), Ticonmm (ui ought 
alloy), Vitalhum stainless steel, vanadium anti coppei 

Thioughout the vat ions expeiiments we have coinpaied the different 
metals with each other as well as wnth contiol cultuies containing no metal 
As an additional control, w'e have used cultuies containing gold disks, as 
gold has proved to be nontoxic to fibi oblast cultures (M^iegaux and asso- 
ciates^) 

Tcclinic — Explants from the heart muscle of an ii -clay-old chick embiyo 
weie prepared and cultivated by means of the hanging-drop technic The 
medium used consisted of chicken plasma, chick embryo extract and Tyrode 
solution The blood necessaiy foi the piepaiation of the plasma w'as obtained 
undei steiile precau ions fiom 3'oung roosters b}' cardiac punctuie Hepaim 
(I mg pel I cc saline) w'as used in oidei to pi event coagulation The blood 
was then centiifugcd foi ten minutes at 2300 R P i\I Aftei centiifuging, 
the supeinatant plasma w'as w'lthdrawm with pipettes Small amounts of 
plasma w^ere placed 111 previously autoclaved test tubes and stoied m the 
lefngeiatoi Fresh plasma w'as piepaied eveiy tw'o to three w^eeks 

Foi the piepaiation of embiyonic tissue extiact eggs weie incubated 
toi eight or nine days at a tempeiatuie of 385° C Tw'enty-foui hours 
befoie the transplantation, the embij'o w'as lemoved to a steiile watch-glass 
and 1 educed to a p ilp by the use of a fine scissois The undiluted pulp 
was then stoied in the lefiigeiatoi Immediately befoie the ti ansplantation, 
the extiact was centrifuged foi ten minutes at 2300 RPM The supei- 
natant fluid Avas withdrawn! and mixed wnth lyiode solution (3 o dilution) 

The T)node solution was piepaied as desciibed hi Parker The [>H of 
the solution was ke it at 74-76 We have found that it is of the utmost 
importance to keep the pH at this level, foi the late of giow'th, as w'ell as the 
type of giow'th evas influenced immediately Achenever the pn w'as changed 
The pH was checke 1 coloi imeti ically at fiecjiient mteivals The completed 
mixtuie W'as passed thiough a Seitz filter and w'as then stored in small amounts 
in the lefiigeiatoi in 1 ubbei -stoppered test tubes For transplantation, each 
culture W'as divided into tw'o or four appi oximately equal parts, and each 
part placed in a dioji of plasma upon a new' coverslip One equal-sized drop 
of embryonic tissue extract, w'hich had been mixed previously with Tyrode 
solution (3 i), W'as added and the hanging-drop culture sealed upon a round 
depression slide by the use of vaseline As soon as coagulation had taken 
place, the cultures were placed in an mcubatoi at a temperatuie of 38 5° C 
Every two or thiee days these cultures w'ere transferrd to a new' medium 
until finall} nothing but fibroblasts were grow'ing With the tenth generation 
we staited out expeiiments Each transplant of this generation was divided 
into four equal pieces These pieces of tissue were implanted in a hanging- 
drop A Ticonium disk w'as added to the first transplant, a gold disk to the 
second, a copper di->k to the third and the fourth tiaiisplant was cultivated 
without any metal The disks A\ere placed faiih close to the tissue (Figs 
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I and 3) Aftei coagulation had taken place, the outline of each culture was 
drawn by use of the camera lucida and placed m the incubator immediately 
afterward After exacti}'' 48 hours, the cultures were again drawn by use 
of the camera lucida at the same magnification Subsequent experiments were 
carried out in a similar manner 

By use of a plammeter, the area of the original fragment as well as the 
total area was measured The absolute increase of the fragment was obtained 
b} subtracting the aiea of the original fragment from the total area The 
absolute increase of the fragment was then divided by the aiea of the 
primitive fragment, thus determining the lelative increase of the fragment 
(Ebeling^“) This value we have called the “factoi of growth ” 

We realize that this method of surface measurements fails to take into 
consideration the growth m the third dimension, however, we have felt it to 
be of value to show these figures for they are a means of expressing all the 
significant variations wdiich we have seen in this comparative study of cyto- 
toxicity 

TABLt I 

ELEVENTH GENERATJON 


Relative Increase of the Fragment m the Presence of 
Ticonmm 


(casting alloj ) 

Gold 

Copper 

Control 

II 00 

It 00 

0 00 

14 90 

8 87 

4 16 


12 00 

S 81 

9 10 


7 97 

14 80 

7 80 

0 00 

13 10 


6 00 

0 00 

9 90 

12 40 

9 40 

0 00 

It 70 

13 40 

It 60 


14 00 

4 20 

10 70 

7 40 


9 00 

6 30 

Averaged Factor lo 07 

8 57 

0 00 

10 98 

ilaxtmum +4 73 

+3 03 


+3 92 

iltntmum —j S~ 

—4 41 


-4 68 

T\ble II 

THIRT\-THIRb GENERATION 

Relative Increase of the Fragment in Presence of 


Ticomum 
(rirought alloy) 

Vitalliura 

Vanadium 

Control 

7 8 

5 I 

0 00 

5 3 

8 2 

6 6 

0 00 

6 8 

7 4 

7 0 

0 00 

6 8 

10 I 

10 6 

IS I 

Averaged Factor 9 9 

9 I 

7 0 

0 00 

6 3 

Maximum -)-j 2 

+2 I 


+0 3 

Minimum —2 j 

—I 9 


—I 0 


Eipeiinients — In eveiy experiment, the average factor of growth of the 
fibroblast cultures for each metal was calculated Table I show's the grow'th 
factors of the fibroblast cultures in their eleventh generation , Table II, those 
of the cultures in their thirtj -third generation 

Of the 41 generations, 13 generations w'ere chosen for our determina- 
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tions A total of 222 fibi oblast cultuies have been examined, 31 control 
cultures without any metal disks have been examined and measured , gold 
was tested m 24 cultures, silvei m 21, Ticonium (casting alloy) m 40, 
Ticonium (wi ought allo}') m 31, Vitalhum m 13, stainless steel m 23, 
\anadium m 21 and coppei m 18 cultures 

The aveiage factor of glo^\th of the fibroblast cultures for each metal, as 
obtained from the different geneiations, used thus for study, is summari/ed 
in Table III 


Table III 



A\ERACE OF 

THE RELATIVE 

INCREASE 

OF THE FRAGMFVr ("FACTOR 

or GROWTH 




No of 






Stain- 




Genera 

Cul Ticonmm Ticonium 



Vital- 

less 

Va 



tion 

lures 

(cast) 

(wrought) 

Gold 

SlU cr 

hum 

Steel 

nadium 

Copper 

Control 

II, a 

29 

10 07 


8 S 7 





0 00 

10 g8 

II, b 

13 

8 60 


8 so 







IS 

14 

10 80 


9 40 







18 

4 







0 00 


7 74 

19 

l6 


S 70 







S /o 

2S 

30 

6 00 





8 93 

I 80 



26 

16 


6 40 

0 20 



6 34 




28 

13 


24 10 




8 90 

0 00 

0 OD 


29 

IS 

7 SO 

8 00 






0 00 


S 3 

16 


9 90 



7 00 


0 00 


6 30 

ss 

21 




8 00 





8 oo 

39 

19 


7 os 


8 94 


S =8 

I 77 



41 

IS 


23 18 


13 00 

16 49 





Averaged Faclor 

8 59 

9 31 

8 gi 

10 28 

11 74 

7 36 

0 71 

0 00 

7 74 

maximum 


+2 21 

+14 79 

+0 40 

+2 72 

+4 45 

+7 57 

-f/ OQ 


+3 24 

Minimum 


-2 S 9 

- 3 61 

—0 41 

-I 3S 

-4 74 

—2 08 

—0 TT 


—2 04 

A 

number 

of 

cultures were fixed m 

neutral 

Ringer-formol solution 


(Parker^^), and have been stained with Hansen’s hematoxylin (Figs I, 2, 3, 
4, 5, 6) for purpose of illustration 

Before we started the strain used for the evaluations given above, we 
studied the influence of different metals upon the rate of growth of about 200 
fibroblast cultures, which were discarded after observation The results of 
these single experiments correspond with our findings obtained from the strain 
described above 

( I Cent) ol Culfw es — Foi five different generations we prepared a total of 
31 cultures, cultivated without any metal disk m the medium Table III shows 
the average factors of growth for the different generations The average 
factor of growth for all 31 cultures was calculated to be 774 It is well- 
correlated with the factors obtained for those metals that we will show to be 
nontoxic The difference betw'een these control cultures and the t\vo toxic 
metals (vanadium and copper) in our series is obvious 

(2) Gold and Silver — As stated above, for five different generations, we 
prepared a total of 31 cultures without any metal disk In the remaining 
eight generations, we have used metals as controls, for instance, gold which 
has been proved to be noncytotoxic (Menegaux and Odiette”) We thought 
that it w'ould be interesting to compare the growth m the presence of these 
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noutOMC metals with the gro\\th m the presence of those metals which wc 
have been investigating foi then possible use m surgeiy 

For four generations we cultivated fibroblasts m the presence of gold 
disks This lepresented a total of 24 cultuies The average of the relative 
inciease of the fragment amounted to 891 Silver disks weie implanted m 
21 cultures belonging to three different generations The average factor ot 
giowth amounted to 1028 

(3) Ticommu — Foi five generations we prepared cultures with the “cast- 
ing alloy” Ticonium, representing a total of 40 fibroblast cultuies The factor 
of growth aveiaged 859 The factor of growth for the “wrought alloy’’ 
Ticonium was 931 It was obtained fiom a total of 31 cultuies studied m 
seven diffeient geneiations 

(4) Vifallitint — Thirteen cultuies were used for testing the alloy vitalhum 
These 13 cultures weie chosen from only two different geneiations In the 
thirty-third generation the average factoi of 700 was obtained (Table II) 
For the foity-first generation, the factor for Vitallium was 1649 the 
forty-first generation, howevei, the factor for silvei was 13 while that of the 
“wiought alloy’ Ticonium w'as 23 18 

The fibi oblast cultuies for this geneiation obviously giew luxuriantly, thus 
raising the aveiage factor of giowdh above the level obtained m other experi- 
ments That the aveiage aiea of giowth for Vitalhum amounted to ii 74, 
may be explained by the fact that \^ita}lium ivas tested in this generation 
and m one othei only, whereas the ‘wrought alloy” Ticonium was tested 111 
seven diffeient geneiations 

(5) Stoiiiless Steel — This metal was tested m a total of 23 cultures 
obtained fiom foui diffeient generations The aveiage factor was 736 

(6) \ anadium — Tw^enty-one cultuies weie tested wuth Vanadium in 
five diffeient generations Thirteen of these cultures did not giow at all The 
lemaining eight showed a marked inhibition of giowth, the average factor of 
growdh was 071 Clinically, the failuie of this metal has been reported 
repeatedl)" We have now^ olitained proof in vtiio foi the high cytotoxity 
of this alloy 

(7) Coppci — Copper was tested in thiee different geneiations wuth a 
total of 18 cultures None of these cultuies show'ed any giowth of fibio- 
blasts 

Discussion — The evaluation given above diaws a definite line betw^een the 
SIX nontoxic metals and vanadium and copper both of which piove to be 
highly cytotoxic We haie based our determinations on one criterion — the 
actual growdh of fibi oblasts in the presence of metals 

Copper in its puie form may be considered completely cytotoxic since no 
giowth w'as obtained in any of the cultuies containing it Vanadium ma} 
be regarded somewhat less cytotoxic than coppei for a slight growth was 
obtained in eight of 21 cultures and no growth at all in the remaining 13 The 
cytotoxicitv of vanadium in our cultures is of such a degree as to make tlie 
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use of this substance in bone surgery inadvisable Its cytotoxicity is the 
piobable explanation of the failuies repoited of its use in ebnical surger} 

Fne of these substances (gold, silvei, Vitalbum, and two Ticoniuin com- 
pounds) ga\c a factoi of growth higher than the control cultuies without 
metal disks Stainless steel gave a result slightly higher than the controls 
without disks 

We do not feel that aii} conclusive deductions can be drawm fiom the 
\aning lates of giowth of the metals we have found to be noneytotoxic 

so MM \RY 

(1) The cytotoxicity ot the eight metals (gold sih'ei, Ticonium (casting 
allo} ) Ticomum (wuought alloy). Vitalhum, stainless steel, vanadium, and 
copper) was detei mined by measuiing the aiea of growth of fibroblast cul- 
tures 111 the presence of these metals 

(2) Gold, sihei, Ticomum (casting allo}), Ticomum (wrought alloy) 
Vitalhum and stainless steel are found to be nontovic Vanadium and coppei 
are found to be highly c} totoxic 

The autliors wisli to express their appreciation to Dr Joseph Schwind of the De- 
partment of Anatonn, for ins help and ad\ice in this work and to Mr E G Touseda 
for his interest in the nietallurgic phase of the studv Mr John Ziegler also rendered \alu- 
able assistance 
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Treatment of Cancer and Allied Diseases Edited bj Gforge T Pack, M D , 
Attending Surgeon, Memorial Hospital, New York, N Y , and Edward M Livingston, 
M D , Assistant Attending Surgeon, Memorial Hospital, New York, N Y New York 
and London Paul B Hoeber, Inc, 1940 

This three volume work, prepared by 147 international authors, and consisting of 
2,595 pages and 1,500 illustrations, is an amazing accomplishment, and the publishers as 
\\ell as the authors have reason to be proud of the result The binding, the paper, the 
type are superfine, and the uniformitj of evcellence of the enormous number of illustra- 
tions, supplied by nearly 150 authors, is almost unbelievable 

The work is in no sense confined to the special subject of cancer, but is a veritable 
encyclopedia of general surgery, and properly so, for there is no organ or tissue immune 
to cancer In all the lesions some form of surgery is usually emplojed in addition to 
radiation and chemotherapy, and in the treatment of them an intelligent consideration of 
the diagnosis, the risk of operation, the pre- and postoperative care, the social and economic 
problems are all so vital that the scope of an encyclopedia of medicine is almost necessary 
At least the authors have so approached this problem 

The consideration of the lesions as they involve special tissue and organs makes the 
subject matter readily available, and the vast experience of the authors guarantees a 
statistical value far above that which can be credited to many of the publications now in 
our surgical literature Volume I contains 52 chapters devoted to lesions of the head, face, 
neck, breast and chest, while volume II, consisting of 42 chapters, is concerned with lesions 
of the esophagus, gastro-intestinal tract, and female genitalia Volume III has 47 chap- 
ters, m which the lesions of the urinary system, male genitalia, skin, nervous system, bones, 
joints lymphatic sjstem, and such miscellaneous subjects as anesthesia, experimental 
therapy and nursing care are considered 

To surgeons, the detailed presentation of the operative technic, and the unusual qual- 
ity of the illustrations provide an “Operative Surgery” which is not surpassed in English 
literature at the present time 

At the end of each chapter is a bibliography which has been selected with unusual 
discrimination, and there is a subject index in each volume averaging some 35 pages 
When one realizes the time required to prepare the manuscript, to which must be 
added that required to put it into proof, the readers will be amazed how up to date is the 
subject matter This is well show'n by a discussion of our recent concepts of water and 
electroljtic balance in the pre- and postoperative patient This work is one that will be 
an asset to the library of e\erj surgeon, as well as to those specializing in the care of 
cancer 

Walter Estell Lff, MD 
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RESULTS OF PARTIAL GASTRECTOISIY FOR BLEEDING DUO- 
DENAL, GASTRIC, AND GASTROJEJUNAL ULCER 

Waltman Walters, M D , 

AND 

W H Cleveland, M D 
Rochester, Minn 

FROM THE DIMSION OF SHHOERT, MA\0 CLIMC, ROCnESTER MINN 

Types of Bleedmg Peptic Ulcei — ^Two principal types of gross hemor- 
rhage occur from peptic ulcer the chronic, which is associated with hema- 
temesis or melena but does not give rise to seveie symptoms of loss of blood 
even though the bleeding may be consideiable, and the acute massive, which 
is associated v ith marked sweating, pallor, weakness, prostration, fast thready 
pulse, and circulatory collapse Recognition of these types is important not 
only m order to understand the mortality from bleedmg but also in order to 
institute proper ti eatment 

Moitahty Rate jrom Hemoiihagic Peptic Ulcei — A study of the litera- 
ture on hemoirhagic peptic ulcer indicates that between 25 and 35 per cent 
of patients who had peptic ulcer have had episodes of bleedmg When all 
the cases of peptic ulcer are considered without 1 egard to the type of hemorr- 
hage or to treatment, the mortality rate seems low, probably from i to 3 
per cent m cases of gastric and duodenal ulcer, but two to three times higher 
m cases of gastrojejunal ulceration However, when the massive type of 
hemorrhage is studied to determine the moitahty rate m this type of case, 
an entirely different picture is evident, as Allen and Benedict,® Blackford 
and Cole,® and Blaclcford and Wilhams'^^ have emphasized These observers 
stated that approximately 50 per cent of patients age 45 or more, who bled 
from ulcers have had the massive type of hemorrhage, and that 33 per cent 
of such patients if treated expectantly will die from hemorrhage 

Ti eatment of Bleeding Peptic Ulcei — Acute Massive Hemoi rhage In 
acute massive hemorrhage from peptic ulcer, cessation of bleeding occurs 

* Read before the American Surgical Association, White Sulphur Springs, W Va , 
April 28-30, 1941 
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with rest, blood transfusion, and proper diet in most cases when the patients 
are less than age 45, and in about 70 per cent of cases when the patients are 
more than age 45 Obviously, the results from conservative measures cannot 
be improved greatly by surgical intervention in the youngei age-group The 
presence of arteriosclerosis, and the difficulty of contraction and thrombosis 
in an eroded, thickened artery are the probable explanation for the continua- 
tion of the bleeding and the higher mortality rate among patients in the 
older age-groups The problem which presents itself is how to recognize the 
70 per cent of patients who will recover from the effects of the massive 
hemorrhage under medical treatment, some of whom might die as a result 
of surgical interference, and conversely, to recognize which of the 30 per cent 
who die under medical treatment could be saved by surgical tieatment 
There is a difference of opinion on both phases of the problem beDveen 
surgeons and internists One reason for this is due to the fact that an insuf- 
ficient number of patients who have acute massive hemorrhages from peptic 
ulcer, have been treated surgically to prove any reduction of mortality in the 
older age-group by the surgical treatment Furthermore, there is a great 
difference between emergency operations performed at the time of, or shortly 
after, the hemorrhage occurs and several days later, when a nephiotic con- 
dition with retention of nitrogen and frequently edema greatly increase the 
operative risk Fmsterer,^'’ howevei, reported that he has operated upon 
78 patients within 48 hours of the onset of massive hemorihage Only four 
died, a mortality rate of 5 i per cent Three deaths (a mortality rate of 4 2 
per cent) occurred in the 71 cases m which partial gastuc resection was 
pel formed, and one death m the seven cases m which gastro-enterostomy 
was done Of 74 patients treated latei, that is, more than 48 hours aftei 
onset of massive hemorrhage, 22 died (a mortality late of 297 per cent) 
Eleven of the patients who were treated early were between ages 60 and 80 
Such a large series has not been reported by aii}^ othei suigeon, nor have 
such low figures for operative mortality been obtained This probably is 
due in part to the small number of cases in the othei senes 

Gordon-Taylor^® recently reported a moitahty late of 19 pei cent (32 
cases, with six deaths) m cases of massive hemorrhage m which operation 
was perfoimed early Thus, while the value of surgical treatment in acute 
massive hemorihage is not proved beyond doubt, on theoretic grounds, at 
least, eioded arteries in the bases of such ulceis must be attacked surgically 
among the older patients to reduce the mortality Fmsteier’s experience 
emphasizes the seriousness of a few days’ delay in operating upon such 
patients The coiollary to this seems to be that patients more than age 45 
who have massive hemorrhage should be operated upon immediately, that 
IS within 24 to 36 hours after onset of the hemorihage, or should not be 
operated upon until they have recovered entirely from the effects of the 
hemorihage 

The results of the treatment of acute massive hemorrhage from peptic 
ulcer at the Mayo Clinic are not entirely clear, largely because of failure in 
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the past to classify in a separate group the cases of acute massive gastric oi 
duodenal hemoirhage For the most pait, m the past, medical tieatment has 
been employed foi such lesions and surgical treatment has been postponed 
until the patient has lecovered fully When suigical attack has been utilized, 
it usually has been earned out only aftei medical measuies have failed to 
contiol the bleeding The opeiative results, m general, aie m accoid with 
the findings of others, namely, that operative ti eatment in the terminal stages 
has 'pioved relatively hopeless and the more favoiable results have been 
obtained in the few cases m which operation was performed soon after the 
onset of the hemorihage 

CJuonic Heinoii Itage — Treatment of chionic hemoiihage fiom peptic 
ulcer IS an entirely diffeient pioblem Heie, inteiest lies in piophylaxis 



Chart i — Percentage of patients who had duodenal ulcer treated surgicallj 


against further hemoiihage and lelief fiom inti actable symptoms of ulcer 
The surgical proceduies employed and then indications aie of great impor- 
tance (Chait i) In cases of bleeding duodenal ulcei, it was foimerly 
thought that gastro-enterostomy affoided protection against further seiious 
bleeding Howevei, 227 of a senes of 336 patients, who had undeigone 
gastio-enterostomy for bleeding duodenal ulcer at the Mayo Clinic,^ weie 
traced for seven 01 eight years after opeiation Sixty-six (238 pei cent) 
had bled subsequently In older to evaluate the effectiveness of paitial 
gastiectomy for bleeding peptic ulcei s, a study was undertaken of a group 
of patients operated upon during a five-year peiiod (1932-1936, inclusive) 

STUDY OF CASES OF BLEEDING PEPTIC ULCER, IN WHICH PARTIAL 
GASTRECTOMY WAS PERFORMED AT THE MAYO CLINIC 

All the partial gastric resections for bleeding peptic ulcei at the Ma3'0 
Clinic, fiom 1932 to 1936, inclusive, were chosen for stud}^ This period 
followed the retuin of one of us (Walters-®) from Europe, in various Euro- 
pean clinics extensive gastric resections had been observed for peptic ulcer 
Duodenal Ulcer — Partial gastrectom}^ was performed for duodenal ulcer 
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in 99 cases, from 1932 to 1936, inclusive, in 42 (424 per cent) of these, it 
was performed for hemorrhagic duodenal ulcer In the year 1940, at the 
Mayo Clinic, 138 partial gastrectomies were performed for duodenal ulcer, 
of which 73 (52 9 per cent) were foi hemorrhagic duodenal ulcer (Table I) 
On the basis of approximately 25 per cent of duodenal ulcers being asso- 
ciated with bleeding, m about 2 5 per cent of cases of bleeding duodenal 
ulcers, and i per cent of cases of duodenal ulcers without history of gross 
hemorrhage, paitial gastrectomy was performed, from 1932 to 1936, inclusive 
In 1940, partial gastrectomy was performed at the Mayo Clinic in about 13 
per cent of the cases of bleeding duodenal ulcers, and m about 4 per cent 
of those of nonhemonhagic duodenal ulcers (Chart 2) 


Table I 


incidence of hemorrhage and operative mortality rate among patients treated for peptic ulcer by 

PARTIAL gastrectomy AT THE MAYO CLINIC 1932-I936 INCLUSIVE AND I94O 


Partial Gastrectomy 1932-1936 Inclusive 
For Hemorrhagic Lesions 


Partial Gastrectomy 1940 
For Hemorrhagic 
. Lesions* 


Lesion 

Total 

Cases 

Cases 

Per Cent 

Duodenal ulcer 

99 

42 

42 4 

Gastnc ulcer 

114 

2 S 

21 9 

Duodenal and 
gastnc ulcers 

37 

12 

32 4 

Jejunal ulcer 

87 

S 6 

64 4 

Total 

337 

135 

40 


* Operative mortality rate for 1940 is 4 i per cent 


operative 


Mortality Rate 

Per Cent 

Total 

Cases 

Cases 

Per Cent 

7 I 

138 

73 

52 9 

S 3 

82 

17 

30 7 

16 

8 

3 

37 S 

10 7 

42 

26 

61 9 

10 3 

270 

II9 

44 I 


Follow-up studies were obtained in 36 of the 42 cases m which operation 


was performed from 1932 to 1936, inclusive Prior to operation, there was 
an average of ten years of uncontrolled ulcer type of pain per patient 
Twenty-seven patients gave a history of multiple hemoiihages, 13 of massive 
hemorrhage, five had hemonhages nithin two weeks pieceding operation, 
and SIX had less than 8 Cm of hemoglobin per 100 cc of blood on admission 
Seven of the patients who had had massive hemorrhage were age 45 or 
more when this occuried The various types of gastrectomy employed are 


listed in Table II 


Table II 

TYPE OP PARTIAL GASTRECTOMY PERTORMED IN II 2 TRACED PATIENTS YVITH BLEEDING PEPTIC ULCER 
1932-1936 INCLUSIVE AT THE MAYO CLINIC 

Duodenal 



Duodenal 

Gastnc 

and Gastnc 

Jejunal 

Total 

Procedure 

Ulcer 

Ulcer 

Ulcer 

Ulcer 

Cases 

Billroth I 

7 

2 

0 

10 

19 

Posterior P6l>a 

Antenor P61ya-Balfour 

28 

17 

10 

30 

85 

Without entero anastomosis 

I 

0 

0 

2 

3 

With entero anaston\osis 

0 

0 

0 

3 

3 

Antenor Billroth II 

0 

I 

0 

0 

I 

Postenor Billroth 11 

0 

0 

0 

I 

I 

Total 

36 

20 

10 

46 

II 2 
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Table III 

RESULTS or PARTIAL GASTRECTOMY FOR BLEEDING PEPTIC ULCERS, 1932-1936 INCLUSIVE AT MAYO CLINIC 


Satisfactory Unsatisfactory 

Cases Results Results 



Total 

Cases 

Cases 

Traced 

Not 

Traced 

Hospital^ — 

Deaths Excellent 

Good 

Fair 

Per Cent Number Per Cent 

Duodenal ulcer 

42 

36 

3 

3 

25 

7 

2 

94 4 

2 

S 6 

Benign gastnc 
ulcer 

25 

20 

2 

3 

16 

2 

I 

95 0 

I 

5 0 

Duodenal and 
gastnc ulcers 

12 

10 

0 

2 

7 

2 

0 

90 0 

I 

10 0 

Jejunal ulcer 

S6 

46 

4 

6 

22 

6 

7 

76 I 

II 

23 9 

Total 

135 

II2 

9 

14 

70 

17 

10 

86 6 

IS 

13 4 


The results of partial gastiectomy for all bleeding duodenal ulcers show 
94 4 per cent satisfactory results ('I'able III) The results were classified 
as satisfactory only if there has been no fuither hemorrhage nor symptoms of 
ulcer Results were classed as excellent, when complete relief of symptoms 



Chart s — Surgical treatment of duodenal ulcer 

was obtained, as good, when relief of the symptoms of ulcer was obtained 
but occasional fulness or sweating was present after meals , and as fair, when 
the symptoms of ulcer were relieved but more pronounced fulness after 
meals, sweating, or occasional vomiting occurred In no instance did an 
ulcer type of pain or hemorihage ensue Results were classed as unsatis- 
factory whenever the patient had any ulcer pain or hemorrhage subsequent 
to operation, irrespective of whether it had occurred once, occasionally, or 
frequently Unsatisfactory results were obtained m only two cases (55 
cent) m which resection was performed for bleeding duodenal ulcer In 
each case, primaiy posterior Polya-type of partial gastrectomy had been 
performed without removal of the pyloric antium of the stomach Multiple 
hemorrhages with ulcer type of pain occurred subsequently in both cases 
Gasfiic Ulcei — From 1932 to 1936, inclusive, about 50 per cent of 
patients whose condition was diagnosed as benign gastric ulcer at the clinic 
were operated upon and for about 30 per cent of all the patients who had 
benign gastric ulcer, partial gastric resection was the operation employed 
During this period 114 partial gastrectomies were performed for benign 
gastric ulcers, of which 25 (21 9 per cent) were hemorrhagic in character 
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These statistics are comparable to those for the year 1940, m which 82 partial 
gastrectomies were performed for benign gastric ulcer, of which 17 (20 7 
per cent) were bleeding lesions (Table I) 

Two of the 25 patients who were subjected to partial gastrectomy for 
hemorrhagic gastric ulcer, in the years 1932-1936, inclusive, gave a history 
of massive hemorrhage Twenty of these 25 patients were traced Ninety- 
five per cent of these 20 patients attained satisfactory lesults (Table III) 
In 17 of the 20 traced cases, partial gastiectomy of the posterior Polya-type 
had been performed, in two, the Bilhoth I procedure, and in one, an anterior 
Billroth Il-type of resection without entero-anastomosis and with temporar> 
jejunostomy (Table II) Only one patient (5 pei cent) had an unsatisfac- 
toiy result, a posterior Polya-type of partial gastrectomy was performed for 
syphilitic gastric ulcer (serologic reactions were positive) in this case There 
has been no subsequent bleeding but pain of an ulcer-like character has 
recurred 

Cast} 1C and Duodenal Ulceis — The results of partial gastrectomy for 
bleeding, concomitant duodenal and gastric ulcers, theoretically, should be 
comparable to those attained for bleeding duodenal or gastric ulcer Such 
was the case in our series Partial gastrectomy was performed in 37 cases, 
from 1932 to 1936, inclusive, for concomitant duodenal and gastiic ulcers, 
of which 12 (32 pei cent) weie for bleeding ulcers (Table I) Of the ten 
cases of bleeding ulcei traced aftei partial gastiectomy, satisfactory results 
were obtained m nine (Table III) In the one case, 111 which the result was 
unsatisfactory, a posterior Polya-type of partial gastiectomy was performed 
A single, brief period of mild distiess and mild hemorrhage occurred after 
operation, but since then the patient has enjoyed excellent health 

Jejunal Ulcei — Of 87 patients treated b)'' partial gastrectomy, from 1932 
to 1936, inclusive, for jejunal ulcer, 56 (644 per cent) had associated 
hemorrhage (Table I) In 1940, 26 of 42 patients (61 4 pei cent), treated 
by partial gastrectomy for jejunal ulcei, had bleeding lesions 

All but seven of the 56 patients who had hemorrhagic jejunal ulcers and 
were treated by partial gastiectomy, fiom 1932 to 1936, inclusive, had mul- 
tiple hemorrhages piior to opeiation, and 15 had massive hemorrhage Eight 
of the patients who had massive hemoirhages weie moie than age 45 when 
they occurred Of the 46 traced patients 30 had been subjected to a posterioi 
Polya-type of resection (Table II) 

Thiity-five patients (76 i per cent) had satisfactoiy results (Table III) 
Eleven patients obtained unsatisfactory lesults Ten of these ii had subse- 
quent hemorrhage, and ten- had ulcer-type of pain In six of the 1 1 cases, 
in which results were unsatisfactory, the Polya-type of gastrectomy was 
performed In four of these, the operations consisted of a posterior Polya 
resection, and in two of these four cases, the pyloric antrum was not removed 
In one case in which the pyloric antrum was not removed, death occuired 
from massive hemorrhage four yeais later, and m the other, pain, multiple 
hemorrhages and proved jejunal ulceration occurred Of the other two 
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patients who had been subjected to the postenor Polya-type of gastrectomy, 
one had a single, mild, subsequent hemorrhage unaccompanied by distress, 
and one had one subsequent hemoiihage associated with occasional mild 
distress In two cases m which results were unsatisfactoiy, an antenoi 
Polya-type of paitial gastiectomy with entei o-anastomosis was pei formed, 
in both, multiple hemonhages and ulcer-type of pam occuiied In five of 



Chart 3 — Percentage of patients who had gastric ulcer treated surgically, 

from 1935 to 1939 

the 1 1 cases, the Billroth-type of resection was pei formed , m four, a Billroth 
I, and in one, a Billroth II A single hemorrhage and ulcer-type of pam 
occurred subsequently in the latter case One patient, who had undergone 
a Billroth I procedure, liad two mild hemonhages, associated with drinking, 
these were not accompanied by pain , one had pain without hemoi rhage, and 
the other two, single and multiple hemorrhages with ulcei-type of pain 
Interestingly enough, five of the ii patients repoited that they were in good 
health despite periodic evidence of ulcer 

Analysis of Unsatisfactoiy Results — Ninety-seven (86 6 per cent) of H 2 
patients treated for bleeding peptic ulcer by partial gastrectomy, whom we 
were able to tiace, obtained satisfactoiy results, that is, had no further 
episodes of hemorrhage or ulcer distress It is exceedingly inteiesting to 
survey biiefly the 15 unsatisfactory results (Table III) 

Four (266 per cent) of the 15 unsatisfactoiy results occurred in cases 
111 which the pyloric antrum and pyloric sphincter were not removed in the 
course of partial gastrectomy In a total of seven of the 112 cases, the 
pyloiic antrum was not removed, and an unsatisfactory result ivas attained 
in four of the seven (57 pei cent) Both failures m cases m wdiich the 
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primary resection was for duodenal ulcer, and two failures in the cases of 
jejunal ulcer presumably occurred on this account 

In the early expeiience with gastric resection, it was not appreciated 
that the pyloric antrum should be removed in all cases m which gastrectomy 
was performed foi duodenal ulcer Ogilvie,-^ out of 22 cases m which the 
pylorus was not removed at gastrectomy, found six cases of proved jejunal 
ulcer m a two-year follow-up study In 100 cases of duodenal ulcer in which 
the pyloric antrum was removed at partial gastrectomy and in which follow- 
up study was made 12 years later, there were no recurrent ulcerations and 
only minor discomfort Friedmann,^ 111 2,250 gastiic resections, found 
jejunal ulceration in 4 per cent of his early cases and in only o 5 per cent 
of the cases in the late group In the latter gioup of cases a more radical 
resection, with removal of the pylorus, was carried out in all instances The 
importance of removing the pylorus, if a maximal reduction of gastric acidity 
IS to be obtained, has been confirmed experimentally by Wilhelm,®’^ 
Crohn, ^ E B Lewis,-** and others (Table IV) 


Table IV 


ANALYSIS or UNSATISFACTORY RESULTS 
(13 fier cent of cases) 


Procedure or Explanation Cases 

Pylono antrum not removed 7 

Entero anastomosis 3 

Billroth I 19 

Syphilitic gastric ulceration 1 

No adequate explanation 


(Resection for gastro jejunal ulcer in three cases) 
Total 


Unsatisfactory 

Result 

Cases Per Cent 
4 36 6 

2 13 3 

4 26 6 


4 26 6 

IS* 


* Five of the is patients are in good health (three had single mild hemorrhage and two had two mild 
hemorrhages) 


In 72 per cent of cases of duodenal ulcer, all cases of gastric ulcer, and 
many cases of jejunal ulcei at the clinic, a relative achloihydna occurs when 
entero-anastomosis is not performed in association with partial gastrectomy 
If entero-anastomosis is performed, marked reduction m gastric acidity is 
obtained only infrequently Although a good functional result may not be 
dependent on a marked reduction of the gastric acidity, when there are 
unsatisfactory results it is noted that they occur in the group of cases in 
which a marked reduction of acidity has not followed A good result was 
obtained m only one of three cases in which entei o-anastomosis was per- 
formed as a part of the anterior Polya-Balfour procedure, but in all three 
cases of gastrectomy with anterioi Polya-Balfour anastomosis without entero- 
anastomosis, results were good 

In four (266 per cent) of the 15 cases m which results were unsatisfac- 
tory, the Billroth I-type of lesection was performed following removal of 
gastrojejunal stoma for jejunal ulcer secondary to duodenal ulcer 

In a study of the effect of various types of gastric resection on gastric 
acidity, one of us (Walters-**) found that only 25 per cent of patients obtain 

488 



Volume m BLEEDING PEPTIC ULCER 

Number 4 

relative achlorhydria to the standard test meal after the Billioth I proceduie 
for duodenal ulcer in contrast to 72 per cent after a posterior Polya It is 
interesting, therefore, to note that in the present stud};- ulceration has recurred 
more frequently when the Billroth I-type of resection and anastomosis was 
employed 

In one case m which results were poor, the patient had a syphilitic gastiic 
ulcer which u as associated with hemoi rhage , the partial gastrectomy relieved 
the patient of further bleeding but not of pain 

In the four remaining cases, theie was no adequate explanation for the 
unsatisfactoi y results, three patients have been subjected subsequently to 
operation foi jejunal ulcei, and one, for concomitant duodenal and gastric 
ulcers 

Five of the 15 patients, m spite of the classification of unsatisfactory 
result, are comfoi table and leport themselves to be m good health, although 
three had had a single, mild hemorihage each, one, two mild hemorrhages, 
and one, one severe hemoi rhage Three also had occasional pain of the ulcer- 
type 

Operative Moitahiy — The operative moitality in this study should not 
be considered as typical, except for the time-period in which the lesections 
were pei formed It represents an eaily period of experience in extensive 
partial gastric resection foi benign ulcerating gastric, duodenal, and jejunal 
lesions and includes resections in that serious group of 56 cases of bleeding 
jejunal ulcers There have been 14 postopei ative deaths in the group of 135 
cases of bleeding peptic ulcers, a mortality rate of 103 per cent (Table III) 
Three deaths (7 per cent) occurred in the 42 cases m winch resections uere 
for bleeding duodenal ulcei Of the 14 deaths, eight were from peritonitis, 
five, from bronchopneumonia, and one was sudden, from an indeterminate 
cause, the third day following a second resection for recuiiing gastrojejunal 
ulceration Two of the eight deaths from peritonitis followed gastric resec- 
tion for acute ruptured gastric and duodenal ulcers associated with hemor- 
rhage, and one was from peritonitis following resection for hemorrhagic 
gastrojejunocolic fistula 

In recent years, with better understanding of the contraindications for 
partial gastrectomy, and with improvement in preoperative and postoperative 
care, the operative risk has been 1 educed considerably 

In 1938,“^ there were 215, in 1939/® 352, and in 1940,^® 300 

patients were treated by partial gastrectomy for benign lesions of the stomach 
and duodenum, with a moitality of 2 8, 3 4, and 2 3 pei cent, respectively 
In 1940, there were 119 partial gastrectomies for bleeding peptic ulcers with 
five deaths, a mortality rate of 4 i per cent All of the deaths occurred in 
the 73 cases m ivhich resections were for bleeding duodenal ulcei , a mortalit}' 
rate of 6 8 pei cent Two of the five deaths occurred in cases of massive 
hemorrhage from duodenal ulcer, in which operation was undei taken more 
than 48 houis aftei the onset of bleeding 
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SUAIMARY AND CONCLUSIONS 

Ninety-seven (approximately 87 per cent) of 112 traced patients treated 
by paitial gastrectomy for bleeding peptic ulcer obtained satisfactory results, 
without further hemorrhages and with relief of the ulcer-type of distress 
One patient had a fatal postoperative hemonhage If cases in which the 
pylorus was not removed or in which entero-anastomosis was pei formed are 
excluded, then the satisfactoiy results reach 91 5 per cent Of the 13 per 
cent of patients whose results were classified as unsatisf actor}^, six (54 per 
cent of the total) were living reasonably normal lives at the time this study 
was made, although evidence of recurrent ulceration had been present at 
some period 

Satisfactory results without subsequent hemorrhage or without subse- 
quent ulcer-type of pain were obtained by paitial gastiectomj'^ m 94 5 per cent 
of bleeding duodenal ulcers All primary resections foi bleeding duodenal 
ulcer relieved the patients except the two m which the pyloric antrum was 
not lemoved 

Ninety-five per cent of patients treated by paitial gastrectomy for bleeding 
gastiic ulcer obtained satisfactory results Five per cent had further pain, 
none had furthei hemonhage In all these cases, entero-anastomosis was 
not performed and the pyloric antium was removed at operation 

Seventy-six and one-tenth pei cent of patients who had bleeding jejunal 
ulceis and were tieated by partial gastiectomy obtained satisfactory results 
Seventy-eight and three-tenths pei cent had no fiiithei hemonhage, and one 
(2 2 pel cent) had further pam without hemoirhage In 8 8 per cent of the 
cases of bleeding jejunal iilcei, entero-anastomosis was performed with the 
gastric resection 01 the pyloric antrum was not removed , subsequent ulcer- 
type of pain and bleeding occurred 111 all In an additional 8 8 per cent, 
Billroth I-type of resection was peiformed for bleeding jejunal ulcer, and 
subsequent bleeding and ulcer-type of pam occurred 

The pyloric antium should be lemoved in the course of all gastric lesec- 
tions for bleeding peptic ulcei, but entero-anastomosis should not be per- 
formed because it tends to prevent a maximum reduction of gastric acidity 
From 1932 to 1936, inclusive, the risk of partial gastrectomy for bleeding 
peptic ulcer was 10 3 per cent in the 135 cases In the 42 cases of bleeding 
duodenal ulcei it was 7 per cent In 1940, the iisk of partial gastrectomy 
for bleeding peptic ulcer was 4 i per cent of 119 cases, for bleeding duodenal 
ulcer it was 6 8 per cent of 73 cases, and thei e were no deaths among 46 
patients who had partial gastrectomies for 17 bleeding gastric, three bleeding 
gastric and duodenal, 25 jejunal, and one bleeding gastiojejunal colic fistula- 
type of ulcer The impiovement in opeiative risk has been attained by 
improvement m pieoperative and postoperative care, the use of chemotherapy, 
a better undei standing of vitamin deficiencies, more rigid indications for 
partial gastiectomy, and impiovement in the postoperative care of pulmonary 
complications 


490 



Volume 114 
Is umbel 4 


BLEEDING PEPTIC ULCER 


Our results suppoit the contention that partial gastrectomy offers the 
best chance of cuie oi amelioration of symptoms of bleeding i^eptic ulcei and 
the best prophylaxis against further hemorihage 

With elimination of procedures which have proved of least meiit, such 
as failure to lemove the pyloiic antrum with the lesected poition of the 
stomach, and entero-anastomosis, and with the less fiequent use of Bilhoth 
I-types of proceduies, lesults should be improved Thus, in the 119 cases 
in which resections weie peifoimed foi bleeding peptic ulcei at the Mayo 
Clinic in 1940, the pyloiic antrum was removed 111 all but one case, and the 
posterior Polya-type of resection and anastomosis was employed m 94 i per 
cent The results for 1940 should be superioi to the 1932- to 1936-penod, 
when seven pyloiic antra were not removed, and only 75 per cent of the 
partial gastrectomies were of the posterior Polya-type 
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Discussion — Dr John V Bohrer (New York, NY) This has been a most 
interesting and convincing paper on this difficult and controversial question For manj 
years, ulcer therapy has been in a state of flux When it was accepted that peptic ulcer 
IS best treated conservatively, many of the internists and gastro-enterologists failed to 
differentiate between peptic ulcer as such, and the complications of peptic ulcer It is 
here that Doctor Walters’ paper is of most value 

He has shown us a large senes of ulcer cases complicated by bleeding These 
patients have been operated upon, and an adequate follow-up has revealed a very satis- 
factory result It IS certainly most convincing and timely 

The statistics presented by Doctor Walters on the acute, massive gastric hemorrhage 
are of particular interest He stated that in patients above age 45, treated conserva- 
tively, there is a mortality between 30 and 40 per cent Our statistics from the Knicker- 
bocker Hospital confirm this figure 

Permit me to present some statistics that have been collected both from the Knicker- 
bocker Hospital records and from a questionnaire sent to the members of this Societj 
During the ten-year period, there were approximately 41,000 patients admitted to 
the Knickerbocker Hospital, 456 for ulcer, of those 182 for bleeding, and 80 were 
classified as massive gastric hemorrhage Massive gastric hemorrhage was defined as 
a patient with two million or less cells, and 35 per cent hemoglobin or less, this being 
accepted as a base line as no patients ffied above that level There was a mortality of 
17 5 per cent for massive gastric hemorrhage, or 7 6 per cent if computed on the entire 
bleeding group, or one death in every 3,100 patients admitted 

During the last two jears, four patients have been operated upon during the bleeding 
period, two were delayed, and two were operated upon within a 48-hour period All 
recovered One died of pneumonia ten days postoperatively It is just possible that the 
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application of chemotherapy m massive doses intraperitoneally might be a prophylactic 
for postoperative pneumonia 

In all, there were 1,556 cases studied In the hospital group, there were approxi- 
mately 1,000 cases with a modest mortality of ii 3 per cent That is probably due to a 
less rigid classification of massive gastric hemorrhage 

There were 548 patients treated conservatively, with a 167 per cent mortality, but 
those above age 45 in the gastric series had a mortality of 29 3 per cent, while the 
duodenal group had a mortality of 21 per cent While it is recognized that the older 
patients, those above age 45 with massive gastric hemorrhage, have a much higher 
mortality, your attention is called to those of the gastric series — 48 patients with nine 
deaths, or practically a 20 per cent mortality Thus we cannot entirely forget the 
younger patients with gastric ulcers 

One hundred and twelve patients were operated upon with subtotal gastrectomy, 
with a 17 8 per cent mortality This line really should read “with 82 per cent living,” 
because most of these patients were operated upon as medical failures 

There were 48 patients operated upon by various operations, such as gastro- 
enterostomy, ligation, local resection, etc Seventeen died, a mortality of 35 4 per cent 
Obviously, subtotal resection is the operation of choice 

Seventy-five marginal ulcers were reviewed, with a gross mortality of 8 per cent, 
15 were reoperated, three having a subtotal gastrectom}', with one death Sixty were 
treated conservatively, with five deaths 

The ulcer that is lethal, if treated conservatively is the one with an open vessel in 
the center of the crater surrounded b}"^ scar and granulation tissue In most instances, 
spontaneous cessation is impossible and operation is necessary, within the 48-hour period 
to prevent a mortality 

Dr Fordyce B St John (New York, N Y ) May I enter a plea with Doctor 
Walters to continue the follow-up in these cases indefinitely We have a dictum in our 
Peptic Ulcer Follow-Up Clinic, which is now 25 j^ears old, as follows “Never discharge 
an ulcer case from the Follow-Up Clinic ” Thus, the follow-up record is preserved in 
continuity Although, at times discouraging, it has pi oved most informative The general 
excellence of the immediate and late results of subtotal gastrectomy with peptic ulcer, 
with persistence or complications, is a matter of factual record in any well organized 
surgical follow-up clinic We have people, however, in our clinic (now representing a 
small but real percentage of complications), even after a ten-year follow-up period with 
no trouble, who have developed symptoms It is but fair to add, however, that in many 
of these cases, especially the earlier ones, the actual amount of stomach which has been 
removed is difficult to determine, and in others, it is evident that a true subtotal gastrec- 
tomy has not been performed 

A verbal communication from another large clinic in New York is to the effect 
that they have had, and are having, a similar experience, and even in some cases where 
a technically satisfactory subtotal gastrectomy would seem to have been performed 

Dr Arthur W Allen (Boston, Mass ) In 1933, Doctor Benedict and I published 
a study of the cases of massive hemorrhage from duodenal ulcer occurring in our 
hospital We found that there had been one death in a man, age 25, from hemorrhage , 
another death in a woman, age 35 , and two other males in the late forties had died 

These were from a group of 90 patients under age 50 

In 42 patients over age 50, admitted during that same period of time, the mortafity 
rate from hemorrhage was 33 3 per cent 

I have just checked the data from 1933 to January i, 1941, in our hospital, and 
found that there have been 80 cases of acute, massive hemorrhage from duodenal ulcer 
during that eight-year period Modern methods of treatment, such as feeding the 
patients early, and administering continuous transfusion, have been employed There 
have been nine deaths from hemorrhage in the 80 cases All of those patients who died 
were over age 50, except one, and that patient was age 44 

Last week, a man, age 30, on our service, died of massne hemorrhage from duo- 

denal ulcer At autopsy, an entire segment of the vessel, running behind the duodenum, 
was found eroded away 

In other words, the mortality rate in the }ounger patients from hemorrhage is quite 
low, lower perhaps than we can match by an immediate surgical procedure 
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In the older age-group, we have operated upon some of these patients during the 
early hours of bleeding , seven such patients have survived the procedure, and one died 
All patients in this group were beyond age 50, except one I do not believe we will have 
the opportunity, in our institution, to prove whether one can operate upon a very large 
group of acute, massive hemorrhage cases in the j'ounger patients with as low a mortality 
rate as we have in those operated upon at the time of election 

Our experience with operation upon bleeding ulcers at the time of election corres- 
ponds very closelj to that of Doctor Walters Our group has not been so large, but 
we have learned definitely, namely, that we cannot leave the antrum of the stomach 
behind without having further trouble Five out of seven cases treated in our clinic by 
the “resection for exclusion” method, have developed subsequent ulcers Fortunately, 
most of our resections have included the antrum or antral mucosa, and the results have 
been good, when this has been done 

Doctor McKittrick has been vei> much interested m “staging” the procedure of 
subtotal gastrectomv in difficult cases By dividing the antrum and proceeding with 
proximal subtotal resection as a first stage, and then dehberatelv going back six weeks 
later and removing the pjloric segment This seems to me to satisfy a great manN of 
the objections to the more radical one-stage procedure on these deeply adherent ulcers 
during their acute phase or when the inflammatory reaction is so great 

Dr Roscoe R Graham (Toronto, Can ) I was disturbed bj Doctor Zmnmger’s 
suggestion that we are to operate as an emergency upon cases of massive gastric 
hemorrhage The survej of our own group revealed 136 cases of duodenal ulcer with 
the criterion of gastric hemorrhage being an hemoglobin drop to 50 per cent or less 
None of these was operated upon The mortality was 7 per cent With one exception, 
I think all the cases that have been operated upon m our own hospital have died when 
treated as an emergencj 

Dr John A McCrecrv (New York, NY) I would like to speak for a moment 
in regard to Doctor Walters’ paper, particularly with reference to the marginal ulcers 
He has done us a favor in bringing to our attention the importance and frequency of 
massive hemorrhage in this group of cases 

We are apt to think of marginal ulcers as characterized b> intractable pain and, m 
the late stages, going on to the development of a gastrocolic fistula I was surprised 
at the frequency of hemorrhage m Doctor Walters’ statistics, but m looking up mv 
own cases from the First Division of Bellevue, found that 10 per cent of our marginal 
ulcers had at some time had a massive hemorrhage I do not agree with Doctor Walters 
m his preference foi the posterior anastomosis, feeling that the anterior route has, at 
least in my hands, been more satisfactory It seems to me that with the anterior 
procedure we can take out more of the lesser curvature, and that a relativelv aseptic 
operation can be performed without clamps, and with perhaps a little less chance of 
leakage at the anastomosis 

Our experience in follow-up m these cases coincides with that of Doctor St John , 
but at Bellevue the question of the economics of follow-up m a city hospital becomes 
of importance I have tried to follow-up our gastric cases for seven years, feeling that 
if we can carrv them through that length of time without symptoms we might feel that 
thej were cured Recentlj, howev'er, a patient upon whom a gastro-enterostomj had 
been pei formed 19 years ago, and who had been followed for seven 3 ears in the clinic, 
came back with a six months’ historv of pain, and was found to have a marginal ulcer 
which had developed after i8j4 3 ears of complete relief following his gastro-enterostomy, 
so perhaps we should follow these cases indefinitely 

One point m Doctor Allen’s papei which I would like to stress, is the importance 
of the Wassermann reaction, or rather the importance of not reiving on it too seriously 
Wassermanns are done as a routine on our Serv'ice, but it has been our experience that 
true S3 philis of the stomach is a rare disease, and that gastric lesions m patients with 
positive Wassermanns have been more apt to be benign or malignant ulcers m patients 
with svphihs, rather than true S3phihtic ulcers 

Dr Frank H Lahev (Boston, Mass) These are both v'ery interesting papers, 
and it seems to me that there is a good deal to be learned from each of them 

To deal with the first one, it is interesting to note in all the clinics the progressive 
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change in the percentage of operative cases In just short of 5,000 duodenal ulce-o, 
we have operated just short of 7 per cent In 380 gastric ulcers, we have operated upon 
27 per cent That, I think, represents about the attitude to-daj regarding the surgical 
treatment of ulcers 

There is one tiling I would like to relate, based on nij own peisonal experience in 
the way these cases are operated upon for hemorrhage There will be a tendenc}, I 
think, to undertake consenative types of resections, particularly the Finsterer icscction 
by exclusion, in the cases of ulcers operated upon for bleeding, because these ulcers an 
actne, indurated, and penetrating, and particularly because they are so often close to 
or adherent to the common duct Furthermore, they shorten the duodenum and make 
one think the ulcer is adherent more closeij to the common duct than it really is Until 
one has had considerable experience in mobilizing these active ulcers, he tends to assume 
that it would be too dangerous from the point of view of possible injury to the common 
duct to renio\e them This is, I think, a mistake In very few cases will it not be 
possible to mobilize these ulcers so that they can be removed, and then the disadvantage 
of leaving behind the part of the duodenum containing the ulcer or the lower end of 
the stomach m resection by e\dus!on of fistula will not occur 

The technical procedure which makes this possible, based upon our experience, is 
the approach to the duodenum from below the common duct, rather than from above 
If >ou attempt to mobilize the duodenum bj appi caching it from above, you will be in 
constant dread of opening the common duct If you mobilize it well from below, turn 
It over and demonstrate the common duct from behind, from its posterior aspect where 
It IS not iinohed in the exudate, it will be possible to remove the ulcer safely leaving 
a portion of the duodenum, and it can be done in practicall> all cases 

Let me say, in regard to the antecohe anastomosis without entero-enterostomy, I 
did this because I admit a jejunal ulcer ma> occur in the stump of the stomach If an 
antecohe anastomosis without entero-enterostomy is done, it will be easy to handle 
Furthermore, the idea of not doing enterostomj is a sound one I can say it can be done 
safely from the number we liave performed 

Our mortality has decreased remarkably I could not help but think of it when we 
talked about carcinoma of the colon this morning The mortalitj in an operation will 
decline on one basis, that of a large experience The whole principle of low mortality 
rates in these extensive operations of resection of the stomach or of the colon and rectum 
involves one sound factor, that is that they are difficult operations and they can be made 
safe only by giving them to a few men to do If you spread them out, as is true of less 
serious operative procedures, the mortality will be high, but if you give them to a few 
men in clinics to do, as thej^ become familiar with them, the mortality will be lowered 

As evidence of the lowered mortality rate, in the first year when we did subtotal 
gastrectomy for ulcer, our mortality rate was 18 per cent, in the second year it was ii 
per cent, and we have now done 154 subtotal gastrectomies for ulcer with but one 
fatality and that a pulmonary embolus That these are not selected cases but represent 
true mortality rates is proven by the fact that included m this group were 36 gastro- 
jejunal ulcers requiring resection of the jejunum in addition to the subtotal gastrectomy, 
and three gastrojejunocolic fistulae requiring resection also of the ascending and trans- 
verse colon 

I was worried about Doctor Allen’s paper, but knowing his sound judgment I 
should have known better I was worried that he would take the position that every 
gastric ulcer should be resected That I think is a dangerous^position, and the mortality 
from promiscuous resection would be high After listening to his paper, I would agree 
with practically everything he said I think it is very sound in principle, and I think 
all of these criteria are sound, and by them we may improve the results in resections 
for carcinoma of the stomach, which to-dav are, of course, so distressing to us all 

Ur M M ZiNNiNGCR (Cincinnati, Ohio) It has been a great privilege to hear 
Doctor Walters’ paper which shows so clearly that bleeding ulcer can be so satisfactorily 
treated by resection, a fact which many of us have believed, but which we have not 
been in a position to prove statistically With his large series and excellent follow-up, 
he has been able to show it My experience with bleeding ulcers lias, of course, been 
much smaller than Doctoi Walters’, but, in general, it agrees closely with bis At 
Cincinnati, we see a good many patients with bleeding ulcer who enter the liospital 
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during or immediately following a massive hemorrhage, and it is about the management 
of this type of case that I wish particularly to speak During the period 1933-1936, 33 
such cases were admitted to the Cincinnati General Hospital None was operated upon 
during the period of active bleeding Six died of uncontrolled hemorrhage, a mortality 
rate of 18 per cent During the years 1937-1940 inclusive, 92 patients were admitted 
with massive hemorrhage diagnosed as due to bleeding ulcer with ten deaths, a mortality 
rate of 1087 per cent We believe that the reduction in mortality rate during the 
second of these periods was due to better medical management, plus the fact that some 
of the patients were operated upon during the period of active bleeding and the bleeding 
controlled surgically Though it has been shown that operation is a life-saving procedure 
in some of these cases, the selection of patients and the choice of time for operation are 
points which are not yet entirely agreed upon Many of our patients had not been 
under observation before they came in with acute hemorrhage, and often the source of 
bleeding could be determined only with difficulty We have made use of roentgenograms 
by the Hampton technic m this sort of case when bleeding persists, and recommend 
operation if an ulcer can be demonstrated In cases with known ulcer who have been 
under treatment, we believe that if massive hemorrhage occurs, operation should be 
earned out promptly, not waiting for a second or third hemorrhage, especially if the 
patient is age 45 or older Table I shows my personal experience with the surgical 
treatment of such lesions during the past four years 





Table 1 




Color 

Operation 

In Shock 




Sex 

No of Days 

No of 

Procedure 

Result 

Cases 

Age 

after Adm 

Times 




W 





I 

M 

SO 

5 

Ligation of vessels 

Well I yr 


S 8 



entenng gastric ulcer 



W 





2 

F 

13 

3 

Ligation of vessels 

Died iVi mos 


41 



entenng gastnc ulcer 

Acute liver atrophv 


W 





3 

M 

2 

2- 

Partial gastrectomy 

Well 2 mos 


S4 



for duodenal ulcer 



B 





4 

M 

7 

3 

Partial gastrectomy 

Died on table 


29 



for duodenal ulcer 



W 





5 

M 

2 

2 

Partial gastrectomy 

Well 2 mos 


S3 



for gastnc ulcer 



W 



Partial gastrectomy 


6 

M 

3 

4 

for duodenal and 

Died 14 days 


60 



gastnc ulcer 

Pneumonia 


B 




Finally ceased 

7 

M 

14 

Almost 

Bleeding point not 

bleeding 


67 


continuous 

found 

Well 3 mos 


As can be seen, some of the gastric ulcers were treated by ligation of vessels, others 
by resection, while all duodenal ulcers were resected Only two were operated upon 
within 48 hours of admission, both of whom recovered The second case probably 
should not be included, as^it seems likely that this was a carcinomatous rather than a 
simple ulcer, since a Kruckenberg tumor of the ovary was removed from this patient 
about two months later The seventh patient also should not properly be included 
because no ulcer was found and the bleeding was not controlled surgically He is 
included here because he was operated upon with the preoperative diagnosis of bleeding 
duodenal ulcer 

In addition to these cases — only five of which were proven ulcers — ^three others 
were operated upon by members of the resident house staff during this same period 
All three of these died, one of pneumonia on the fourth day, the other two on the 
operating table Death on the table is a most unfortunate accident, which indicates 
either too long a preoperative dela> or poor judgment m selection of cases 

Three slides were here shown of drawings of resected specimens showing the thick- 
walled vessel in the base of the ulcer, with the eroded hole in the vessel plugged only 
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with a soft blood clot — the same type of lesion as is seen in cases at autopsy after 
uncontrolled bleeding It seems clear to me that with such a pathologic condition 
present, spontaneous cessation of bleeding cannot be expected to occur regularlj’-, and that 
in some of these case's operative control of the hemorrhage will be necessary The high 
mortality in our group of patients with operation, we believe, is due to the fact that 
we have not had an opportunit}' to operate as early as we would have wished, but only 
after conservative treatment had been found to be ineffectual We believe that all these 
patients operated upon with ulcer would have died of uncontrolled hemorrhage without 
operation 

Dr Waltman Walters (Rochester, Minn , closing) Eight years ago, it was more 
or less accepted, I believe, although a few physicians did not agree, that a trial course 
of medical treatment should be instituted in all cases of gastric ulcer I am very happy 
to see that opinion change The leason for this change, I think, is recognition of the 
fact that a carcinomatous lesion is present in a definite percentage of cases in which the 
roentgenologist makes a diagnosis of gastric ulcer 

A review of all our cases of cancer of the stomach in which operation was per- 
formed from 1907 to 1938, inclusive, has been made at the clinic, and two very interesting 
findings, among others, have come out The first is that in 10 per cent of the cases of 
malignant lesions of the stomach in which resection was performed, the lesion had been 
reported by the roentgenologists to be gastric ulcer Although the presence of a gastric 
lesion was recognized on roentgenologic examination in 99 per cent of cases in the series, 
recognition that it was a definite cancer was possible in only 75 per cent of the cases 
These same statistics held for 1939, except that in 7 per cent of cases of cancer of the 
stomach in which resection was performed, a diagnosis of gastric ulcer had been made 
on roentgenologic examination 

The most disastrous observation in regard to symptomatology in our 1907-1938 
senes, was that 30 per cent of the patients gave a history of an ulcer type of distress, 
and of this 30 per cent, 80 per cent, or four -fifths, responded to medical treatment 
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Gastric and duodenal ulcer have been discussed so frequently under 
the general heading of “Peptic Ulcer” that a serious confusion has resulted 
regarding the pioper management of these two distinct entities Early 
symptoms m both diseases are much alike and the conservative measures, 
found adequate in uncomplicated duodenal ulcer, will also be temporarily 
effective for gastric ulcer The greater frequency of acute duodenal lesions, 
compared to those in the stomach, has enhanced the standardization of the 
treatment of duodenal ulcer This regimen applied to the more rare gastric 
ulcer has often proved disastrous We believe that the time has come for a 
clai ification of our ideas concerning the management of gastric ulcer and 
that every effort should be made to stress the seriousness of this lesion 

The difficulty in the differential diagnosis between ulcer and cancer of 
the stomach in our clinic has impressed us so forcibly that we feel justified 
in leporting our experience concerning the matter We had already formed 
some ideas from ceitain cases falling into our hands for treatment but weie 
surprised to find the evidence so clear to us when the available material was 
evaluated The records of all patients, treated in our hospital during the 
ten-year period ending January i, 1940, who have had the diagnosis of gastric 
ulcei, have been carefully analyzed for this purpose 


Table I 


G\STR1C ULCER 


Error in Diagnosis of Cancer 

No of Cases 


(A) Entire group 

Original diagnosis ulcer 277 

Final diagnosis cancer 3P 

(B) Patients treated medically* 

Onginal diagnosis ulcer I7S 

Final diagnosis cancer 13 

(C) Patients treated by gastro enterostomy 

Postoperative diagnosis ulcer 23 

Cancer proved by follon-up studies 4 

(D) Patients treated by resection* 

Preoperative diagnosis ulcer 69 

Cancer proved histologically 30 


* Se\ eral patients are included in both groups B and D 


Per Cent 


14 


7 4 


17 


43 


This Study deals with 277 patients whose original diagnosis was gastric 
ulcer (Table I) Thirty-mne of them, or 14 per cent, finallj^ proved to have 

* Read before the American Surgical Association, White Sulphur Springs, W Va , 
April 28, 1941 
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cancer Seventeen cases with a preoperative diagnosis of cancer proved to 
have benign ulcer This makes a total of 255 cases of ulcer for analysis 
(Table II) The diagnostic methods weie the usual ones employed in a 
large general hospital The clinical diagnosis was based on the histoiy, 
physical examination, and the laboratory data, this was confirmed by loent- 
genographic studies in all cases and by 
gastroscopy in many of them When 
the ulcer was a large one 01 in one of 
the aieas of the stomach wheie cancel 
IS more likely (Fig i), 01 if theie had 
been a poor 1 espouse to conservative 
tieatment, the patient was usually 
transferred to the suigical depaitment 

In evaluating the percentage of valve'! 
erroi in diagnosis, each opinion was 
given its pjo lata ciedit and no case, 
whose combined preoperative diagnosis 
was less than 50 pei cent m favor of one 
diagnosis, was used in ai riving at the 
diagnostic erior The opinion of the pathologist was accepted as final In 
69 cases subjected to gastiic resection with a preopeiative diagnosis of ulcer, 
30, or 43 per cent, had a final diagnosis of cancel In 18 of these patients, 
the erroi was made by all obseivers In the remaining 12 cases, there was 
an opinion favoiing the diagnosis ot ulcei in fiom 50 to 90 per cent of those 



Tie I — Anitomic divisions of the stomach 


Table II 

GASTRIC ULCER 1930-1939 
ilassachusetls General Hospital 


Final Diagnosis Ulcer* 

Cases 

Deaths 

Patients Dying 
in Hospital 
(Per Cent) 

Medically treated 

1930-1934 

59 

3 

5 I 

1935-1939 

103 

4 

3 9 

Total 

162 

7 

4 3 

Surgically treated (acute perfora- 
tions excluded) 

1930-1934 

62 

8 

12 9 

1935-1939 

31 

2 

6 4 

Total 

93 

10 

10 7 


Total cases 255 17 7 S 

* The onginal diagnosis of cancer was made on 17 of this group 


who participated in the management of the problem If one wishes to take 
the most optimistic attitude and vork out the peicentage values on the basis 
of including only half of those cases where theie vas some divided opinion, 
the result is^bad enough, since it is at best a 35 per cent error 

We have all perfoimed radical gastric lesection under the diagnosis of 
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cancer, only to have the pathologist bring us the good news that the lesion 
proved to be benign ulcer In the same decade of this study, 344 cases with 
a preoperative diagnosis of cancer that were either resectable or upon whom 
a palliative operation was possible, there were 17 with a final diagnosis of 
benign ulcer— a diagnostic error of 5 per cent If we take our percentage 
error in both groups of cases into consideration, we still have much to be 
desired in the more favorable lesion for cuie 

In 175 patients treated medically under the diagnosis of ulcer, 13 were 
eventually proven to have cancel — a diagnostic error m this group of 7 4 
per cent Twelve of them finally came to operation after an average interval 
of ten months from the original observation 

Dm mg the period covered m this lepoit, 23 patients with gastric ulcer 
were treated by conservative surgery, usually gastro-enterostomy, with or 
without cautei ization of the ulcer Four of these patients later died of cancer, 
thus illustrating, moie graphically, the difficulty of the surgeon to make a 
true diagnosis when the lesion is actually under observation This is also a 
very strong argument m favor of partial gastrectomy when gastric ulcer is 
subjected to any surgical procedure 

Naturally, we have concerned ourselves with the reasons for our high 
percentage of diagnostic error when dealing with gastric ulcer These factors 
were studied as follows (i) The age of the patient and the duration of 
symptoms, (2) the location of the lesion, (3) the size of the ulceration, 
(4) the hydrochloric acid level of the gastric contents, (5) the rate of healing 

under medical theiapy, and (6) 
the type of pain or discomfort 
complained of b}^ the patient 
We expected to find that pa- 
tients complaining of indigestion, 
hyperacidity, and gaseous eruc- 
tations for the first time after 
age 50, would have cancer rather 
than ulcer These data are illus- 
trated in Graph i Here, we see 
that this IS an important diag- 
nostic point, since patients be- 
yond the fifth decade, wuth a 
gastric ulceration causing symp- 
toms of less than one year, are 
over five times as likely to have 
cancer as ulcer On the other 
hand, those patients wuth symp- 
toms of five or more years have exactly the reverse ratio of ulcer to cancer 
It seems evident to us, then, that conservative therapy in this older age-group 
has little to suppoit it, nor is the incidence of ulcer in any group of cases 
great enough to make one certain he is not dealing with cancer 


COMPARISON ACE AND DURATION OF SYMPTOMS 
GASTRIC ULCER S CANCER 


Simptoms Lest Thon One Year Syrnptoms T «e Yeors or More 



IHCANCER I I ULCER 


Graph i 
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SIZE OF ULCERATION 


Ulcer 

Oiometer lcmori«ss 


Ulcer 

- 2 Sew Of Over 


That ulcerative lesions in some locations m the stomach are more likely 
to be cancer has been well-established Holmes and Hampton^ have previ- 
ously stressed this point In the group of cases under discussion, we have 
represented the percentage values m Figure 2 We have no difficulty m 
making up our minds regarding the tieatment of ulcerative lesions arising 
in the fundus and m the piepyloric regions of the stomach, since the chance 
of cancer so far outweighs the risk of surgery In the more common site 
on the lesser curvature, where 50 per cent of all gastric ulcers occur, we have 
been prone to feel safe on the basis that most of these lesions are benign 
However, ue actually find many of our mistakes in diagnosis are m lesser 
curvature ulcers Thus, the physician, believing that this peptic ulcer will 
behave like others, fails to take into consideration the possibility of cancer 
He then neglects to keep such a patient under observation until the lesion is 
completely healed, and he often is not actually aware of the true situation 
until the opportunity for cure is entirely lost 

The size of the ulceration is of some impoitance, and this is illustrated 
in Graph 2 In only two of our cases, with final diagnosis of cancer, was 
the lesion under i cm in diam- 
eter The incidence of cancer 
increases progi essively with the 
diameter of the ulcer The ma- 
jority of lesions over 2 5 cm in 
diameter, proved by resection, 
turn out to be carcinoma Be- 
tween the diametei s of i to 2 5 
cm , the margin of error is such 
that not so much importance can 
be attached to the size The 
average diameter of the benign 
lesion was i 7 cm , while those 
showing cancer averaged 2 3 cm 
The size of the cratei then, al- 
though of some help in the dif- 
ferential diagnosis, is not a re- 
liable guide The margin of 
error is exactly 50 pei cent m 
ulcerations of 2 cm in size One huge ulcer requiiing total gastiectomy proved 
to be benign 

Ihe hydrochloiic acid level has been taught foi yeais to be an important 
diffeiential diagnostic guide m gastric ulcerations This is illustrated in 
Graph 3 Here, ^^e see that acidity and cancel aie compatible An occa- 
sional benign ulcei will have achlorhydria, but it is clear that one should 
not often stress this possibility It will be observed that the percentage of 
cases with free acid m the stomach is just as high nith “ulcer-cancer” as it 
IS with benign ulcer There has been far too much emphasis on the acid 
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levels m relationship to the innocence of the lesion A gastric analysis, 
negative foi acid, is of help, but one with acidity is of no aid in the diffei ential 
diagnosis between benign ulcer and cancer 


APPROXIMATE INCIDENCE OF CANCER IN GASTRIC ULCERATION 



Tig 2 


GASTRIC ANALYSIS 


The rate of healing of gastric ulcers under medical supervision has inter- 
ested us Although It IS not possible to graphically illustrate such a study, 
we have been able to form some opinion concerning it In order to get a 

base-line m regard to healing, we be- 
lieve It IS important that all patients 
with gastric ulcer should be admitted 
to the hospital for treatment, where 
conditions foi cure can be made ideal 
and failure of the lesion to heal be- 
comes of real significance Too often, 
these patients are given the ambula- 
tory advice handed out with impu- 
nity to patients with duodenal ulcer 
The individual loses his symptoms 
and fails to return foi a check-up 
The physician then often interprets 
the absence of pain as such a favora- 
ble sign that he fails to insist on 
roentgenologic and gastroscopic con- 
fiimation of healing Even when 
this IS done, the report usually indi- 
cates a diminution m the size of the 
ulcei, and the impression is not made 
upon the patient regarding the im- 
portance of observations until complete healing has taken place We have 
operated upon one patient with cancer and involved lymph nodes in a lesser 
curvatuie ulcer that completely healed after two months of medical therapy, 
according to roentgenographic and gastroscopic examination Thus, it seems 
to us important that these patients should be followed under ideal hospital 
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management until complete healing has occurred Even this cannot be 
construed as certain proof that the ulcer is benign, and such a healed ulcei 
should be again observed after a month’s time as any evidence of recuirence 
demands surgery If this program were insisted upon m this group of 
patients, a considerable number could be spaied death from cancer Of couise, 
it IS impossible to make a lule legardmg the length of observation justifiable 
m all cases We do feel however that, undei propei conditions m the hospital, 
one should expect complete healing in one month if the lesion is benign 

The type of pain an ulcer of the stomach produces is not of as much 
importance as we thought it might be We were of the opinion that the 
more vague the symptoms of indigestion, the moie likel)’- the lesion would 
prove malignant Also, patients who have uncontrollable pain on a strict 
diet often prove to have cancer On the other hand, it has been proved 
repeatedly that a deciease m the amount of pain occurring undei treatment 
does not indicate that the ulcer is benign 

Although the physician is willing for his patient to submit to surgery, if 
he IS convinced that the lesion is cancer, it is haidl}’^ to be expected that he 
should trust the surgeon with a benign ulceration of the stomach This 
attitude has been brought about by the surgeon himself, since he has been 
slow m developing a sound surgical procedure for such lesions Also, it has 
taken time and experience to evaluate methods that seemed m the beginning, 
for one leason oi another, to ofifer cuie in the majority of cases operated 
upon The morbidity and mortality in this field of surgeiy has brought about 
a natural leaction on the part of physicians to evade the surgeon if possible 
We believe now that we have evidence to warrant making a fresh endeavor 
to convince our medical colleagues that gastric ulcer should be fundamentally 
a suigical disease We aie willing that he continue to treat early, small 
ulcerations in the safer zones within the stomach, particulaily m the younger 
patients We do feel, however, that his tieatment should be on a different 
basis than that used m duodenal ulcer He should follow the patient with 
gastric ulcer until the lesion is completely healed and then check by roentgen- 
ograms and gastroscope at frequent intervals He should be suspicious of 
any lesion that tends to recur oi one that heals imperfectly within a short 
period of time If he would take this attitude, in ordei to allow his patient 
to have an earl)'- and favorable opeiation for cancer alone, he would be justi- 
fied in his position in the matter 

Under this regimen, a ceitain number of patients would have gastric 
lesection foi benign ulcer Can the surgeon justify himself on this score ^ 
Our mortality figuie of 6 per cent m a group of 53 primarj resections may 
be representative since these are from a large teaching hospital where many 
minds and many hands enter the picture (Tables HI and IV) It is neces- 
sary to tram surgeons and w'e do not defend such a mortality rate on any 
other basis Personal series show”- even better results as do those from prnate 
clinics There have been no fatalities in 36 resections for gastric ulcer m 
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oui own personal cases, but this is beside the point The internist must 
anticipate morbidity and mortality and the surgeon must be able to offset 
these difficulties if he makes a bid for these cases In the 51 survivors from 
primary subtotal gastrectomy for gastric ulcer, we have only two patients 


T^ble III 

GASTRIC ULCER — SURGICAL THERAPY (m G H I930-I939) 


(A cute Perforations Exdttded) 

No of 

Cases 

Deaths 

Mortality 
(Per Cent) 

Subtotal resection 

S6 

5 * 

8 9 

Posterior gastro enterostomy 

22 

3 

13 6 

P G E plus local excision 

7 

I 

14 3 

Local excision 

6 

I 

l6 7 

Pyloroplasty plus excision 

I 

0 

0 

Total gastrectomy 

I 

0 

0 

Total 

93 

10 

10 7 

* Two deaths occurred in patients who had had previous gastric surgery 
Mortality of primary subtotal resection is 6 per cent 


Table IV 

GASTRIC ULCER — SURGICAL THERAPT 



Resections 

Other 

Operations 

Total 

Cases 

No of 
Deaths 

Mortality 
(Per Cent) 

1930-1934 

30 

32 

62 

8 

12 9 

I 93 S -1939 

26 

5 

31 

2 

6 4 


who have had recurient symptoms This is worthy of note when we consider 
the moibidity frequently associated with prolonged conservative tieatment 
At least 12 per cent of the patients undei observation for gastric ulcer have 
had continued or recurring symptoms Therefore, we feel that the results 
of proper surgery for gastric ulcer justify that form of therapy This agrees 
with the conclusions of St John, et al ^ based on meticulous follow-up data 
and of Walters and Ciagett^ 

Perhaps the strongest argument in favor of gastric resection for ulcer is 
based on the comparative data m Table V In a group of 93 patients sub- 
jected to gastrectomy for cancer between 1932 and 1936, reported by Parsons 
and Welch,"* from our clinic, we have an operative mortality rate of 25 per 
cent Including these operative deaths, there were 20 pei cent of five-year 
cures In the small series that we can end-result, there were 30 gasti ectomies 
performed under the diagnosis of benign ulcer — all of whom proved to have 
cancer The operative mortality in this group was 10 pei cent, and including 
these deaths, the five-year rate of cuie was 40 per cent (Table V) Although 
we realize that the percentage values in so few cases are open to criticism, 
we believe it is fair to call attention to the likelihood of a lower mortality 
rate and a higher cure rate if the resection has been undertaken on the 
assumption that the lesion is ulcer and not cancer In other words, the more 
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benign the lesion appeals, the moie likely the final cure It is iinpoitant to 
point out m this connection that the surgeon must have in mind the possi- 
bility of malignancy when carrying out gastrectomy for ulcei The operation 
carries no more iisk if the omentum and the lymph nodes of the lesser 
curvature are included in the lesection If this attitude is adopted m all 
questionable cases, the cure-iate ivill be even highei than 40 pei cent m those 
having these early malignant lesions This opinion is based on the fact that 
the nodal areas were not included in the resections for ulcer perfoimed 
between 1930 and 1936 

Table V 

PROGNOSIS OF GASTRIC CARCINOMA 

All Cases of Resected Cancer Preop Diagnosis Ulcer 
(1932-1936)* (1930-1939) 

Number of cases 93 30 

Operative mortality 25% 10% 

Five-year curability ratef 20% 40% 

* Previously published 

t This is calculated from years 1930-1936 and includes operative deaths 

We recommend immediate surgery for any one of the following indica- 
tions — if 

(1) The ulcer is of short duration and the patient is over fifty yeais 
of age 

(2) The ulcer is over 2 5 cm m diametei 

(3) There is no free hydrochloric acid in the stomach 

(4) The ulcer is m the greatei curvature or in the piepylonc region 

(5) The ulcer is chronic and on the lesser cuivature 

We recommend hospital observation and treatment for one month — if 

(1) The ulcei is acute and m a 3mung patient 

(2) The ulcer is under i cm m diametei 

(3) The ulcer is on the lesser curvature or the antenoi or posteiior wall 

If healing is complete in one month, repeat observations should be made 

one month after dischaige from the hospital 

If healing is not complete m one month, by roentgenologic and gastio- 
scopic examinations, then surgery is advisable 

CONCLUSIONS 

Gastric ulcei is, fundamentally, a suigical lesion This is the direct anti- 
thesis of our present concept regarding duodenal ulcer 

Gastric ulcer cannot be distinguished from cancer in a high percentage 
of cases 

The gastric cancels that simulate gastric ulcer comprise an especially 
faiorable gioup foi cure On this basis alone, suigei}’- should be the tieat- 
ment of choice 

The end-1 esults of gastric resection foi ulcer seem to substantiate this 
same form of treatment even if tlie ulcer is proved to be benign 
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Discussion — Dr Ralph Colp (New York, N Y), The logical viewpoints ex- 
pressed by Doctors Allen and Welch in their excellent presentation will probably meet 
with the full approval of those interested 111 this subject Gastric ulcer, aside from its 
serious complications of hemorrhage, penetration, and perforation, presents the added 
hazard of the possibility of carcinoma, and the less likelv danger of a carcinomatous 
transformation of an ulcer Klein states the latter occurred onlv twice in a careful 
pathologic study of 141 cases of chronic ulcer 

In 1936, Dr Percy Klingenstein reported all cases of chronic gastric ulcer, 165 in 
number, which were operated upon during a ten-year period (1925-1935) at the Mount 
Smai Hospital, New York The majority of patients gave a long-standing history of 
ulcer symptoms which ultimately failed to respond to medical therapy There was a 
smaller group with an acute history, manifested by serious bleeding in 25 instances, and 
by signs of impending perforation in others In over 20 per cent of these cases, a 
diagnosis of carcinoma was made by the roentgenologist and 12 per cent, m which a 
benign lesion had been diagnosed clinicallv, were subsequentlj proven to be malignant 
For purposes of discussion, these ulcers may be grouped into those occupying the 
pyloric and prepyloric region, those situated at or near the reentrant angle and on the 
posterior wall of the stomach, and those located in the cardia The lesions in the latter 
group of 29 cases were situated well proximal to the reentrant angle and some were 
juxta-esophageal Man\ of these, as well as others, were complicated by adhesions to 
or penetration into the pancreas A subtotal gastiectomy with lemoval of the ulcer was 
performed in 158 cases The operative mortality was 15 per cent, contributed to mainly 
by cases with acute and serious gastric hemorrhages , by those with lesions in the cardia , 
and by those complicated by either previous gastric procedures, or long-standing pyloric 
stenosis 

During the past three and one-half years. Doctor Klingenstein and I have operated 
upon 28 consecutive cases of gastric ulcer There were six other cases in which a benign 
lesion was suspected but in which a malignant one was found at exploration We were 
not forced to operate upon any case with hemorrhage in the acute stage We made it a 
rule to explore all prepjlonc ulcers because, clinically, it is extremelj difficult to differen- 
tiate between ulcer and carcinoma in this region How'ever cases w'lth pyloric stenosis 
w'ere not operated upon until the blood chemistrj determinations were normal 

A subtotal gastrectomy was performed in 23 cases, and a palliative gastric resection 
without removing the cardiac ulcers, the procedure advocated bj Madelener and Florcken, 
w'as performed m five instances 

No one w’lll deny that most gastric ulcers respond favorably to medical treatment, 
but, unfortunately, some malignant lesions, too, grow' smaller under rest and appropriate 
diet But in all cases, if certain well know'n and established criteria have not fully 
satisfied either clinically, roentgenologicallj, and by gastroscopic examination, after a 
three-week period of an ulcer cure, then surgical exploration should be insisted upon 
Subtotal gastrectomy is undoubtedly the operation of choice It removes the ulcer 
radically, and if the case proves malignant, the chances of cure may be materially 
enhanced Penetrating juxta-esophageal and high-lying ulcers, even if the> do not respond 
to medical treatment, should be explored, but not radicallj resected If they prove malig- 
nant, the\ are inoperable at this stage, and if they are benign, thej w'lll disappear fol- 
low'ing a palliative gastrectomj The operative mortality in subtotal gastrectomy will be 
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reduced if these high-Ijang lesions and cases with acute hemorrhage are treated more 
conservatively 

The follow-up results in gastric ulcer are excellent, and are superior to those obtained 
from subtotal gastrectomy for duodenal ulcer No recurrent gastric or gastrojejunal 
ulcers have been observed 

Dr Waltmax' Walters (Rochester, Minn ) The objections to a routine medical 
regimen in all cases of gastric ulcer are that in some of them the lesion, instead of being 
a small gastric ulcer, is in reality an ulcerating carcinoma, and in others the medical 
regimen has little effect on the ulcer In about lo per cent of cases, roentgenologic or 
gastroscopic examinations will not assist m the differential diagnosis between a malignant 
and a benign gastric ulcer It has been said that a trial course of medical treatment 
serves as a diagnostic aid, for, if the patient is relieved of symptoms, if roentgenographic 
examination demonstrates that the ulcer has disappeared, and if blood disappears from 
the stools, then the lesion is benign Clinical experience, however, has demonstrated that 
in some cases of malignant gastric ulceration these criteria may seem to be satisfied but 
that the lesion does not heal , it only seems to have done so, for, as Schindler has shown, 
the carcinomatous piocess mai' extend from the maigin of the ulcer into the crater, 
obliterating it 

The incidence of malignant changes in gastric ulcers has been stated to be from lo 
to 20 per cent Walton said that the statistics of Stewart now are generally accepted 
He concluded that in 9 5 per cent of cases chronic ulcer becomes carcinomatous and that 
carcinoma originates in a chronic ulcer in 17 per cent Katsch, however, reported an 
incidence of 20 per cent Finsterer found that in 532 cases of resection for gastric 
ulcer the ulcer was carcinomatous in 141, an incidence of 209 per cent In the 1907- 
1938 series, reported from the Mavo Clinic by Doctors Walters, Gray and Priestley, 
10 pel cent of the carcinomata were reported as gastric ulcers and i per cent as benign 
lesions 

Tne risk of the operation foi gastric ulcer should not exceed a maximum of 5 per 
cent, and it is possible to operate upon a large series of patients W'ho have gastric ulcer 
with a mortality rate of considerably less than 5 per cent In point of fact, in 278 cases 
111 which partial gastrectomy was perfoimed at the Mayo Clinic in 1939 for benign ulcers 
of the stomach or duodenum, the mortality rate was 4 per cent Partial gastrectomy for 
gastric ulcer was performed 111 89 cases, ivith a mortality rate of 2 2 per cent In 1940, 
partial gastrectomy for gastric ulcer w'as performed in 88 cases, wnth one death Excision 
or gastro-enterostomy or both w'ere performed in 17 cases, with no mortalitj The cases 
w'ere selected carefully, and partial gastrectomy was performed only when the nature of 
the lesion and the condition of the patient warranted this procedure 

On leviewing 272 cases of chronic gastric ulcer in w'hicli operation w'as performed 
at the Mayo Clinic from January i, 1933, to December 31, 1936, inclusive, Clagett and 
I found that 669 per cent of the ulcers were at or above the incisura angularis, 15 per 
cent were on the posterior wall, and i 5 per cent w'ere on the greater curvature Ihe 
remainder w'ere below the incisura angularis 

In several of the cases at the clinic the ulcer appeared, on roentgenologic examina- 
tion, to be located very high on the lesser curvature, and for this reason it was thought 
that opeiative removal w'ould be difficult, it w'as found at operation, how'ever, that 
perforation of the lesion to the capsule of the pancreas had given an erroneous idea of 
the amount of the stomach between the ulcer and the esophagus In these cases there 
vas actually much more uninvolved stomach than the roentgenogram indicated On 
other occasions, the early division of the gastrohepatic omentum at a \erv high le\el 
assisted in mobilizing the upper part of the stomach so that unusualb high lesions could 
be removed without too great difficulty 

During 1938 and 1939, at the Majo Clinic, in 26 cases partial gastrectomj was 
performed for cardial gastric ulcer, wnth one death, a mortality of 3 8 per cent 

I have referred to these cardial ulcers because frequentlj I have seen patients with 
such lesions in wdiom the excuse for a course of medical treatment, e\en though the lesion 
W’as large, and in manj cases had been complicated bj hemorrhage, w’as that the lesion 
W'as probablj' located too high to be remo\ed safely The fallacj of this opinion is borne 
out not only by the fact which has been brought out, nameh’, that the lesions appear 
roentgenographicallj to be higher than thej reallj are, but in a group of cases in which 
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such lesions were removed surgically, the operative mortality was only slightly higher 
than that for similar operations for gastric ulcer located at the lower levels on the lesser 
curvature or the body of the stomach 

In regard to some of the points on technic brought out in the discussion of Doctor 
Allen’s paper, I sincerely believe that as time passes and anterior anastomosis after 
resection is performed in more cases, experience will show that posterior anastomosis is 
preferable in cases in which resections are performed for duodenal ulcer My reason for 
this statement is my experience abroad, where many more resections have been performed 
for duodenal ulcer and the posterior method has proved the method of choice Further- 
more, in my own experience in cases in which the anastomosis is necessarily made 
anterior to the colon, because of the longer loop of jejunum used m the anastomosis, 
retention m that proximal loop develops in a definite percentage of cases, and entero- 
anastomosis has to be performed later This procedure interferes with some of the 
physiologicochemical effects of the operation, so that the reduction of gastric acidity is 
not as great You will recall that 25 per cent of the unfavorable results in resections 
for bleeding ulcers which I reported were in cases in which entero-anastomosis was 
performed 

Theoretically, the Billroth I-type of operation should be an excellent type of opei i- 
tion In selected cases of carcinoma, its results have been excellent and similar results 
can be expected when it is used in the treatment of gastric ulcer When employed m the 
treatment of duodenal ulcer, it fails to produce a relative achlorhydria in 75 per cent of 
the cases, and the incidence of recurring duodenal ulceration is high For example, on 
follow-up study in our series of bleeding ulcers, recurrent bleeding ulcers were found 
in four of 19 cases in which the Billroth I-type of anastomosis was employed In 266 
per cent of the 15 cases in the whole series, in which results were unsatisfactory, the 
Billroth I-type of anastomosis had been employed It is true that these poor results 
occurred after resection for jejunal ulcers It might be assumed that the Billroth I-type 
of anastomosis is the best type in such cases, but such has not been my experience I 
have performed Billroth I resections m many cases for duodenal ulcer, gastric ulcer, and 
gastric carcinoma The incidence, m my experience, of recurring ulcer after this type 
of operation performed for duodenal ulcer has been comparable to that following gastro- 
enterostomy On the other hand, m the treatment of selected cases of gastric ulcer or 
gastric carcinoma it has a definite place and the results are equally as favorable as those 
from the Polya-type of operation 

Dr Fordvce B St John (New York, NY) We are m complete accord with 
Doctor Allen’s conclusions, in that we feel they represent a definite tendency in the right 
direction based on appreciation of potential dangers m ulcer of the stomach which are 
all too often missed until too late We have had similar experiences because of our own 
errors in diagnosis, and that of our medical friends, the roentgenologist and the gastros- 
copist 

The newer problem of antral gastritis has introduced an “X” factor which may 
furnish potential danger in differential diagnosis 

Aside from these factors of danger, we should remember that, fundamentally, we 
are dealing in carcinoma of the stomach with a lesion, advanced on admission to most 
of our clinics, and in which, in the study of the biologic characteristics of this tumor, 
one must realize that about 66 per cent are of the invasive type, difficult to cure under 
any circumstances, and onlj about 33 per cent are of the so-called fungating type, or the 
more favorable lesion In a study of 147 resections of cancer of the stomach at the 
Presbyterian Hospital, we had no cases of longevity m the invasive type, whereas m the 
more favorable smaller group, postoperative survivors were found living and well up to 
23 years after resection 

Dr J Shelton Horslet (Richmond, Va ) Doctor Allen has very effectiveh 
presented the case of cancerous change in gastric peptic ulcers This is peculiarly appro- 
priate because at present certain gastro-enterologists are claiming that practically never 
IS gastric cancer developed upon peptic ulcer 

Doctor Allen has given an excellent resume of the probable changes from peptic 
ulcer to gastric cancer, but there are exceptions to all of those rules I had a patient, 
a man age 31, who had what appeared to be a gastric peptic tilcer The free hydrochloric 
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acid was 74" He proved to have a small lound cell carcinoma He recovered from 
the partial gastrectomv, hut eight months latei had a recurrence, from which he died 
Of course, this is exceptional, hut the exception must be borne m mind 

Another patient, AIis L E H, age 70, had had gastiic symptoms at intervals for 
about 15 ^eaIs A few months befoie entering the hospital, roentgenologic examination 
showed a defect m the pi lone end of the stomach A partial gastrectomy was performed, 
December 10, 1928 Ihere was a lesion on the lesser cnivature about one inch fiom the 
piloric sphincter The ulcer was not deep but w'as somewdiat infiltrating Several sections 
showed the tipieal appearance of a peptic ulcci some w’lth regenerating epithelium and 
leukocytic mfiltiation In one section, howeiei, there w'ere two adjacent acini that gave 
the tjpical histologic appeal ance of cancer Theic weie mitotic figures, a diaster, irreg- 
ular nuclei, and m\asion of the hasement membiane Theie can hardh be any disagiee- 
ment as to the fact that the histologic appcaiance of these tw'o acini show'cd cancel, and 
jet e\en where else that it was examined the histologic appearance w'as that of peptic 
ulcer Theie appears to he no othei logical explanation of this case, w'lth the historv of 
gastric distui banco for 15 eears, than that the malignance developed upon a peptic ulcei 

In regard to the treatment of pejitic ulcer, I think m most cases a paitial gastiectomy 
IS indicated If the ulcei is pcnetiatmg into the head of the pancieas, a tjpe of Billroth I 
partial gastrectonu, which I ha\e performed foi manv eears is suitable The stomach 
can be dnided about its middle between Paei clamps, the distal portion lifted up, and 
the penetrating ulcei is sha\ed off with a cauten along with a thin laver of adjacent 
pancreatic tissue Ihe stump of the stomaeh can then be bi ought o\er and attached to 
the stump of the duodemnn moie leadilj than this shoit stump of the duodenum can be 
closed There are a few lecuriences after this operation, but they can be tieated more 
satisfactorilj than i lecnirence aftei a Billroth Il-type of paitial gastiectomy 

Dr Roscon R Graham (Toronto, Can ) I should like to present data showung 
the relation of the site of a gastiic ulcer to caicmoma In the personal cases operated 
upon, m which the lesion w'as defimteh prepjloiic, we found that 94 pei cent w^ere 
carcinoma, and onh 6 pci cent weie benign The group from the esophagus to the 
mcisura showed 40 per cent malignant and 60 per cent benign Thirtj-five per cent of 
the latter had an organic houi -glass as evidence of their chromcity 

Singleton and Sommers, of the Roentgenologic Department of the Toronto General 
Hospital, studied a group m which there were 189 piep\loric gastric cancers, and during 
the same period thev found 120 benign picp\loiic ulcers In the gioup of gastric cancer, 
ulceration was the onlv evidence of mahgnancj' in 24, and m 17, 01 85 pei cent of those, 
the crater was less than 25 cm m diamctei This supports Doctor Allen’s contention 
that a small ulcei may he malignant, and justifies his suggestion that, even if ihe person 
be under age 50, he w'lll opciate upon a prcpvloric ulcer under 2 5 cm in diameti.i There 
w'ere eight cases m which carcinoma had probablv developed upon a benign ulcer base 
We are ver^ anxious that all picpyloiic ulcers be pi oven benign This means excision, 
even though the ulcer be small 
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MASSIVE GASTRIC HEMORRHAGE WITH SPECIAL REFER- 
ENCE TO PEPTIC ULCER=*^ 

John V Bohrer, MD 
NE■^^ Yohk, N Y 

Knickerbocker Hospital, with its large metropolitan ambulance service, 
ofifers many lessons in acute emergency surgeiy Among these, massive 
gastric hemorrhage occupies a unique place m testing the diagnostic acumen 
of the surgeon and the facilities of the hospital to meet a leal ciisis To wit- 
ness rapid exsanguination by hematemesis is a most hai rowing expeiience to 
both surgeon and patient It is a combination of concealed or silent hemoi- 
rhage with all the evidence of the shock of external hemorrhage 

Penetrating ulcer is unquestionably the most common cause of this condi- 
tion Depending upon its location, hemorrhage may be totally concealed oi, 
regardless of its site, bleeding into the stomach may take place, followed by 
hematemesis 

Before piopei treatment othei than the emergency blood transfusion, 
can be instituted a diffei ential diagnosis must be made Usually, this can be 
determined by eliciting a histoiy of gastric distress preceding the hemorrhage 
Not mfiequently, howevei, no such history can be obtained Tw'o cases are 
cited to illustrate 

A well-noui ished w'oman, age 47, was admitted to the Knickerbockei 
Hospital in a state of severe shock followang piofuse hematemesis No 
diagnostic history could be obtained as she had ahvays been w^ell up to the 
time of the hemoiihage Postmortem examination levealed an early cirrhosis 
of the liver with esophageal varices A blood clot w'as found in the ruptured 
vai IX 

Conti ast the above case with the following G G, a man, age 45, w'as 
admitted foi massive gastric hemorrhage He admitted taking an excess of 
alcohol and gave an indefinite history of previous gastric disturbance, espe- 
cially wdiile drinking He continued to vomit blood A diagnosis of esopha- 
geal varix was made but autopsy revealed a punched-out gastric ulcer wnth 
a fair-sized open vessel m its center 

While it is recognized that many othei conditions, to be discussed later, 
cause piofuse hematemesis, the differential diagnosis of the two diseases 
illustrated by these biief case repoits wnll be first considered In about 10 per 
cent of all cases of profuse gastric hemorrhage, the histoij and physical 
examination wall be inconclusive Certain stigmata point to the diagnosis of 
an early cirrhosis of the livei wnth a bleeding esophageal varix 

(i) Spider angiomata, usually on the face, neck and back, characterized 
b} a central point fiom wdiich radiate fine hair-hke branches The central 
point IS fiequently pulsatile These angiomata may be obliterated by com- 

Presented b\ title before the American Surgical Association, White Sulphur 
Springs, \V Va , April 2S-30, 1941 
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pressing the “bod}" of the lesion with a fine pencil point Theie aie also 
“mat" nevi, slightly ele\ated aieas of skin of a reddish oi pmphsh coloi, due 
to uniform distention of small venules 

(2) Slight enlaigement of the spleen due to chionic splenic vein obstruc- 
tion 

(3) The so-called Inei palms, which consist essentially of a deep reddish 
to puiphsh tinge of the thenai and Iwpothenai eminences of both hands 

(4) Spaise 01 e\en absent axillan and pubic ban and a distinct tendency 
to a female distiibution is common in males (Foity pei cent of all autopsied 
cases at Knickci hocker Hospital) 

(5) Clubbing of the fingcis 

(6) Ofl ensue bieath without aiu assignable local cause 

The following cases tieated m the Knickerbockei Hospital piesented many 
difficult problems in difieiential diagnosis 

Case I — T McL aqc 40 fireman, ga\c a historj of profuse gastric hemorrhage 
two hours before admission Histor\ and ph\sical evammation w'ere inconclusive 
Twehe hours alter admission he had an c\saiigumatmg hemorrhage Blood pressure 
60/40 He dc\ eloped se\cic shock lit received 1 000 cc of blood w'lthout further 
hemorrhage Within 24 hours he had an upper gastro-intcstmal roentgenologic examina- 
tion, which was sucgestnc of cancer of the stomach Later, exploratory celiotomy 
re%calcd a nonopcrable adenocarcinoma which had ulcerated into a aessel of the transverse 
mesocolon 

Case 2 — G L, female age 45, was admitted for severe hematemesis Roentgeno- 
grams showed a diaphracmatic hiatus hernia with a suspicious ulcer 111 the herniated area 
Left phrenic paraljsis, with elevation of the left leaf of the diaphragm has apparently 
cured the condition 

Case 3 — G E, was admitted for massive hemorrhage, and gave a history of many 
attacks of bleeding during the past 20 vears Caieful investigation, m another hospital, 
during these attacks failed to make a definite diagnosis of ulcer Roentgenologic 
examination on admission showed redundant antral mucosa, which at times prolapsed 
through the pvloric ring Ojicration confirmed this diagnosis 

Case 4 — G D, female, age 68, had had a pjlorectomy eight months previouslv for 
an ulcer, was admitted for cxsangumation Repeated transfusions were of no avail 
Autopsy revealed a leionwosarcoma of the stomach and the anastomosed jejuneum, with 
metastasis m the liver Pathologic examination of the pyloric tumor removed at previous 
operation failed to show a malignancy 

Hemoi rhage from nonmahgiiant tumoi s of the stomach has been con- 
spicuously absent m this gioup 

An analysis of Allen's- statistics of 2,031 cases places the bleeding from 
duodenal ulceis at 41 per cent, carcinoma 20 pei cent, gastric ulcer 18 per 
cent, maiginal ulcei 3 per cent, esophageal vaiices 16 per cent, and unverified 
2 per cent 

Ficquency of Occun ence of Peptic Ulcci — Duiing the ten-year period 
fiom 1931 to 1940, inclusive, 40,825 patients weie admitted to the Knicker- 
bocker Hospital, including 456 cases of peptic ulcer, of which 182 w'ere 
admitted for gastiic hemoi ihage Of 80 classified as sufiFenng fiom massive 
gastric hemorihage 14 died, approximately one m every 3,100, a mortality 

17 5 pci cent This accounts foi the belief that massive gastric hemorrhage 
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IS relatively uncommon and causes few deaths In the Virginia Mason Hos- 
pital,^® during a 20-year period, there was only one death from this cause for 
each 10,000 admissions to the clinic, a 15 per cent mortalit}- The ratio of 
the Knickerbocker Hospital group is much larger, due to an active ambulance 
service 

Pathology of Bleeding Lllceis — Bleeding from an ulcei connotes activity 
even though hemorihage is the first symptomatic evidence of its presence 
Erosion of the mucosa may pioduce moderate bleeding and even superficial 
ulceration of the mucosa may occasionally cause massive gastric hemorrhage 
although it IS usually due to the erosion of a vessel of appieciable size 

The chionic penetrating type of ulcei may occur m any part of the stomach 
or duodenum On the anterior and superior surfaces, a penetrating ulcei is 
moie likely to peiforate into the peritoneal cavity unless it becomes attached 
to a neighboring viscus The geiieial belief that perfoiatmg ulcei s never 
bleed, is not true Occasionally, eiosion of a vessel in a viscus to which the 
ulcer has become attached and perforation at the penpheiy take place simul- 
taneously One such case was found in the Knickerbocker Hospital gioup 
and several were leported in the Questionnaire group However, the 
posterior penetrating ulcer of the stomach or duodenum, with a necrotizing 
base m the head of the pancreas, is most provocative of massive gastric 
hemorrhage In this location, a branch of the supeiior panci eaticoduodenal 
artery frequently becomes eroded Such posterior peptic ulcers together with 
those on the lesser curvature, because of the proximity of the left gastric 
artery, account for most of the massive bleeding 

In the ulcer crater, the sclerotic artery is found terminating with an open 
stoma The frequently described lateral stoma m a vessel running diagonally 
across the ulcer has not been noted Found more frequently m patients above 
middle life, where arteriosclerosis is somewhat advanced, its meie piesence 
in an ulcer crater, imbedded m granulation and scar tissue, is an important 
factor, regardless of the age of the patient, m keeping the stoma open Chies- 
man^^ found a mortality of 74 per cent m a group of 62 patients who had bled 
for two 01 rrtore days Autopsy showed an open vessel in 45 of the 46 patients 
111 this group An eroded vessel in the cratei of a chronic ulcer has frequently 
been found m the Knickerbocker Hospital group at operation or at autopsy 
In the Questionnaire group, where autopsies or operations were reported, 
this was a common finding 

Symptoms — ^A small percentage of ulcers belongs to the “silent” type in 
which perforation or bleeding is the first indication of their presence Heavy 
lifting while at work, recent respiratory infections, or alcoholic excesses 
associated with emesis are frequent exciting causes 

If massive bleeding takes place, syncope followed by hematemesis or the 
passage of one or more bloody stools is not uncommon Unfortunately, the 
initial symptoms rarely indicate the degree and extent of the hemorrhage 
Flight also may be present, especially with the first hemorrhage, and the 
pallor of fainting is confused with true shock The amount of blood lost is 
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usually grossly exaggeiated by the patient oi witnesses Blood counts are 
deceptive if taken befoic leplacement of fluid, as bleeding is quantitative and 
not quahtatne Houcvei, an accinate estimate of the seventy of the hemor- 
rhage may be made by the rapidity of the pulse, low blood pressuie, and 
symptoms of shock \Yitbout a definite liistoiy of ulcer, the actual cause of 
the bemoirbage, uhethei fiom esophageal \aiices, gastiic polyps, carcinoma, 
gastritis, ledundant gastiic mucosa, oi simple hemoirhagic diathesis cannot 
be made 

Gcuoal Mamgcmcul — All patients having gastiic bleeding should be 
consideied serious!} ill and gnen absolute bed icst, with sufficient morphine 
to alia) fear and i estlessness 

(1) Pulse rate and blood piessuie leading should be taken fiequently and, 
if possible, b) the same attendant, thus minimuing the peisonal enoi 

(2) Shock, if present oi imminent, must leceive appiopriate treatment, 
tee caps to the epigastrium being definitely prohibited 

(3) As soon as possible, a Levine tube should be passed well into the 
stomach through the nostiil foi aspiration of liquid blood and lavage with 
saline until the stomach is fiee of blood clots The removal of the blood 
from the stomach pi e\ cuts nausea and vomiting and is of value m that a 
portion of the uatei passing into the intestines is absorbed If, after the 
stomach is entireh empty, bright led blood continues to retiiin through the 
tube, it IS exident that hemorrhage is still actue and is piobably arteiial, 
indicating immediate operation foi its iclief The use of the Levine tube is, 
therefoie, not only of theiapeutic but of gieat diagnostic value Sopei'*^ 
states “I ba^e encounteied foui cases m which earl) suigeiy w'as employed 
because of this appearance of the blight blood aftei lavage, and all foui 
patients lecovcred In each instance the suigeon located the spin ting aitery ” 
As fine a lecord as that docs gieat honoi to the diagnostician and gives keen 
satisfaction to the suigeon, wdiosc natuial instinct is to ligate a bleeding vessel 
if he ivishes to contiol hemoiihage 

The Levine tube may also be used foi continuous oi inteival introduction 
of a liquid having acid combining pow^er and a high caloi ic value 

To sumniaiiT’e the theiapeutic value of the Levine tube 

(a) Seveie straining and levctse peiistalsis of the stomach is inhibited 
by removing the nauseating blood 

(b) Feeding is easily accomplished 

(c) The blood clot in the vessel is not mechanically removed either by 
vomiting, by peristalsis, oi by the pangs of hunger If lavage removes a 
friable clot, it is evidence of a useless clot that wall not stop bleeding, such as 
IS often seen in the tin oat aftei tonsillectomy 

(d) The ferments first removed with the blood by lavage are now com- 
bined with food and do not digest the ulcer, vessel, oi clot The Andresen^ 
diet ansNveis this requirement perfectly 

(e) The administration of adienalm or various coagulants through the 
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tube may be of value m diffuse bleeding fiom gastritis but obviously is of little 
value 111 the presence of an open vessel 

(4) Roentgenologic examination during the bleeding period Although 
111 the past roentgenologic examination during this period has been strictly 
forbidden, the acceptance of the feeding therapy for bleeding ulcer now allows 
such investigation of the upper gastro-mtestmal tract while the henioiihage 
IS still active Admittedly, such an examination is incomplete Manipulation 
and piessure tactics are omitted These examinations have been made at 
Knickerbocker Hospital with satisfactoiy results Esophageal varices, lesions 
of the stomach such as tilcei or polyps, and deformity of the duodenal cap 
have been diagnosed The surgeon, however, must be prepared to operate 
should this initiate a secondary hemorrhage 

(5) Typing of blood and accessible donors are essential m all cases of 
massive gastric hemorrhage This is particularly true m hemorrhage from 
an ulcer on the lesser curvature m which lethal exsangumation may rapidly 
develop 

(6) Diet is as important to pi event recurrent ulcer m the postoperative 
patient as it is for healing the ulcei m the conservatively treated patient 

Meulengracht,^'* and AndreseiA rvere m the vanguaid m urging a feeding 
regimen as opposed to the time-honored principle of staivation for bleeding 
peptic ulcers Mortality statistics, as given by the advocates of these various 
diets, are especially difficult to understand Meulengracht 1 eports a mortality 
of only I o per cent for his group of 231 cases, while La Due,-° m a recent 
paper, leports a mortality of i 3 per cent for his gioup of 81 patients treated 
by using the Aiidresen diet 

It IS becoming generally accepted that a staivation diet, with an ice cap to 
the uppei abdomen, should be abandoned An acceptable diet that will absorb 
acid and prevent action of digestive juices on the ulcei and especially on the 
clot 111 the eroded vessel, is very important However, it is very difficult to 
accept by ratiocination a diffeience in moitality of i 3 per cent reported by 
La Due, who used the Andresen diet, with 145 per cent reported by Allen 
and Benedict,® using an initial period of starvation In the Knickerbockei 
Hospital group treated conservatively, most of the patients were tieated b}'^ 
the older method At present, however, the Andresen diet is being used 
Too few patients have been treated by the lattei regimen to make a com- 
parison 

(7) Transfusions and non medication for the resulting anemia are not 
necessary, as rebuilding of blood is very rapid 

(8) Blood chemistry should be followed, urea nitrogen usually becoming 
noimal soon after cessation of bleeding and replacement of circulating fluid 
The decreased uiea clearance is due to extrarenal azotemia rather than the 
mere presence of blood in the gastro-mtestmal tube 

(9) Tbe patient is lehabihtated bj' this procedure m from three to six 
V eeks, depending upon the severit)' of the attack and his regenerative ability 

(10) The most important of the above outlined management is that it 
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offers a means of selecting the lethal bleedeis m the fiist 12- to 48-hotu 
penod Most of them will die if tieated consei vatu ely. and should have 
ladical treatment while still good surgical iisks 

(B) All Indication foi Opciofwn — If continued bleeding is indicated 
by the sindrome of lapid pulse, diop m blood piessuie, an hungei, slight 
delnnim. 1 educed hlood count, and hemoglobin, a tiansfusion sufficient to 
raise the blood count and hemoglobin a incasniable amount should be given 
If aftei transfusion, the led cells and hemoglobin show' a marked deciease 
w'lthm fiom one to 12 hours it is certain that bleeding is taking place from an 
eroded Aessel and immediate opeiation is indicated 

The A able of a furthei decrease of blood count, not aa ithstanding tiansfu- 
sion, in justifying opciatiAc mteifciencc is aacII illustiated m the folloAAing 
case 

Case Report — J McE , male, age 34, was admitted to tlie Medical Sen ice for pro- 
fuse gastric hemorrhage, and was treated m the routine consereatnc manner \\"hen 
hemoglobin reached 34 per cent, w ith 2,750,000 R B C , he received a transfusion 
FortA -eight hours afterward, the hemoglobin and blood count had dropped below' the 
preiious IcAcl He was again transfused with practicalh the same result, hemoglobin 
declining to 32 per cent, with i.Sooooo R B C He was gnen 1,000 cc of blood, and an 
eniergencA subtotal gastrectonu was jierformed under local anesthesia, plus owgen in- 
halations A. posterior penetniting duodenal nicer was resected from the head of the 
pancreas, the bleeding Aesstl found and ligated Convalescence was entirely une\'entful 

It IS notewoith} that the sense of ])am is so chmmishecl m these exsanguin- 
ated patients that local anesthesia is \Aell toleiated 

TiaiKluswiiK — While tiansfusion of blood duimg an attack of massiA'’e 
gastiic hemoi rhage is now generally accepted, a small mmoiit)' still believe 
that transfusion is contraindicated foi the leason that by laismg the blood 
pressute the clot m the bleeding A'essel is dislodged, Avith consequent lecui- 
lence of the hemoi ihage No pi oof of this theoietic objection has CA'er been 
pioduced On the contrary, theie is much CAidence to supjioit the adA'antages 
of propel amounts of blood duimg the acute anemic condition 

(1) ScA'ere giades of anemia aie pioA'ocatiA'e of ceitam moibidities and 
mortalities 

( 2 ) Pioduction of extiarenal azotemia due to Ioav blood piessuie, result- 
ing in a decrease in urea cleaiance and an mciease m blood uiea 

(3) Anoxemia due to pooi absorption and tianspoitation of oxygen 
This may cause necrosis of tissue m Autal oigans, as in tbe biain, producing 
a temporary or fatal psychosis In insufficiency of coionaiy cnculation, eA^en 
in youngei individuals Avho have no coionaiy scleiosis, myocardial neciosis is 
produced, AA'hich is indistinguishable from myocaidial infarction, yet no 
vessels are occluded Such lethal lesions haA'e been noted eA'en m the youngei 
gioup and it must, tberefoie, folloAv that it aviII more often occur m the older 
gioup This, undoubtedly, IS one of the explanations of the much highei 
death 1 ate in the older sclerotic gi oup , / c , they cannot tolei ate a severe 
grade of anemia as Avell as the 3'oungei nonsclerotic patients 
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If transfusions are given, undiluted fresh blood containing a noiinal con- 
centration of prothrombin, red cells with normal mtracellulai potassium, 
normal white cells and platelets seems to be preferable to fresh citrated blood, 
or banked blood, especially in patients who are neai exsanguination 

The rate at which blood is given to a massive gastric hemorrhage patient 
has received much attention In the Knickerbocker Hospital group most of 
the transfusions have been given by oui hematologist Dr Rufus Stetson 
Amounts of 500 to 1,000 cc have been administered by the direct method 
In no case have we been able to associate a secondary hemorrhage with the 
amount or the rate of transfusion 

A conclusion must, therefore, be drawn that tiansfusion therapy should be 
used and that fresh blood by direct method is preferable 

Moitabty pom Gash o-IntesUnal Heinoi ihage — In few other diseases are 
the statistics which appear m the literature quite so difficult to evaluate 
Geographic distribution, what constitutes a massive gastric hemorihage, the 
ratio of gastric ulcers to duodenal ulcers, and whether cases are selected at 
random, such as are admitted to a metropolitan hospital fiom a laige am- 
bulance district, or from a clinic where careful follow-up and dietary regimens 
are in vogue, aie factors influencing the mortality and morbidity Hence, a 
variation from one to 25 per cent is found m the leported senes Hinton,^'^ 
leportmg a series of 165 cases from the Fourth Division, Bellevue Hospital, 
has a nine per cent mortality Chiesman^^ reports a 25 per cent mortality for 
patients having massive hemorrhage Allen and Benedict® report 145 pei 
cent in a senes of 138 cases GoldmaiA® states “The mortality of gross 
hemorrhage was ii i per cent from exsanguination alone, but rose to 15 per 
cent when the deaths from complications with hemorrhage were added It 
should be emphasized in this connection that the additional 49 per cent 
mortality includes six patients m whom perfoiation ensued following the 
onset of hemoirhage, thus piesenting two seiious complications” 

In 1935, Westei mann®’^ published a papei showing the appalling moitailty 
fiom conservative tieatment and suggested that some of these patients should 
be treated suigically In the discussion of Westeimann’s paper, it was ad- 
mitted that while he had achieved striking results, his colleagues still were 
inclined, in view' of the opeiative risk, to favoi conservative treatment Since 
1938, surgical treatment has had a constantly increasing number of advocates 
and the literature of 1939 and 1940 is replete with many articles by those who 
urge operative 1 ehef 

To acquire data and a cross-section surgical opinion on the subject of 
massive gastric hemoirhage, a questionnaire was sent to members of the New' 
Yoik, Western and Amencan Surgical Associations In all, 500 letters w'ere 
sent There were 248 replies and of these 107 furnished data Permit me to 
thank the membei s of these associations for then com teous coopei atioii 

The answ'crs indicate that 75 per cent of the suigeons strongl)' believe that 
surgery has a definite place in the treatment of massive gastiic hemorrhage 
The lemamder are just as strongly convinced that it is entirely a medical 
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problem and, if surgery is undertaken at all, it should be deferred until the 
patient has lecoveied from his exsangumation 

Statistics of Conseivatively Ticated Cases — In the piepaiation of the 
statistical poition of this paper, 1,556 cases of peptic ulcer have been studied 
Of this number, 112 weie opeiated upon during the acute bleeding period 
(Table I) The lemaming 1,444 were treated conservatively This latter 
number is subdivided into three groups 80 cases from the Knickerbockei 
Hospital (Table II), 448 fiom a questionnaii e, and 1,008 designated as 
Hospital gioup (Table HI) The Hospital group did not supply all the 
classifying data A number of the conservatively tieated gioup had interval 
opeiations, but as this is a sepaiate pioblem, it is not discussed in this paper 
The moitality foi the entiie group of 1,556 cases is 17 pei cent The 1,008 
cases in the Hospital gioup (Table III) have a mortality of ii 3 per cent, 
an apparent less rigid classification in this group In the Knickerbocker and 
Questionnaire groups, massive gastric hemorrhage is mteipieted as meaning 
a patient with 35 pei cent hemoglobin or less, with a blood count of 2,000,000 
red blood cells or less Hence, modeiate bleeding cases without mortality 
are eliminated The 548 analyzed cases include 398 duodenal and 150 gastric 
ulcers, a ratio of approximately five to two The mortality late, howevei, of 
duodenal and gastric ulcei s is reversed It is appi oximately one to two, since 
gdstiic ulcei moitality is 24 pei cent and duodenal moitality 14 pei cent 
Theie seems to be a genet al belief expiessed in the hteiature that women 
withstand massive gastric hemorrhage bettei than men In this analysis, 
there are 82 female patients with peptic ulcers, showing a mortality of 174 
per cent as compaied with 466 male patients with peptic ulcei s having a 
mortalit)'^ of 19 5 per cent (Table II) 

It has long been recognized that the age of a patient is an important factoi 
in the outcome of massive gastiic heinorihage For purposes of analysis the 
age 45 was arbitrarily chosen as a dividing line 

The sei lousness of bleeding in the upper age-group has been explained on 
the basis of aitenosclerosis This, \\ithout doubt, is an important factor 
Howevei , in 1 eading the histoi les of ulcer patients one is impi essed with the 
length of time the aveiage patient has had his symptoms Fuithermore, 
serious bleeding invariably is found in patients with chronic ulcers In other 
words, serious bleeding usually takes place in old and chronic ulcei s wheie 
arteritis and periartei itis is pi esent So, may it not be that in the older group, 
where the ulcer has actually existed longer, the local pathology is the deciding 
factor rather than the actual systemic arteriosclei osis 

Table II demonstiates that all cases of hemorrhage from peptic ulcer in 
those beyond age 45 is more serious than in the younger group The mor- 
tality m 94 gastric ulcer patients above age 45 is 28 7 per cent as compared 
to a mortality of 20 per cent in 56 gastric ulcer patients below age 45 This 
IS more noticeable in the duodenal ulcer gioup One hundred and nmety-mne 
patients above age 45 had a mortality of 22 per cent as compared vith 199 
patients below age 45 who had only a 6 per cent mortality The striking 
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difteience in the moitality of these H\o gioups does not justify too gieat an 
optimism for conseivative tieatment of the youngei gioup, foi it should be 
the lesponsibihU of the diagnostician to lecognize lethal bleeding m this 
gioup as A\ell as m the oldei gioup 

A 20 pel cent moitalit} m gastiic iilcei patients below age 45 cannot be 
taken lighth A death nas lepoited in the Questionnane gioup of a boy, 
age 14, and aiitops} showed an easily lesectable ulcei The life expectancy 
of patients age 14 01 18 is equal to thiee or foui times that of patients age 
50 or 60 

The tables aie nisei ted foi detailed study of the vaiious gioups since they 
are more expressne than noid analysis 

In the Kniclvci bockei senes theie neie 456 patients admitted in the ten- 
}eai penod from 1931 to 1940 Of these, 173 weie luptured ulcei s One 
hundred and eighty-tuo patients ueie admitted foi bleeding, and of the 
bleeding gioup So weie classified as massive gastric hemoirhage, of nhich 
14 died a moitalit} of 175 pei cent All of these massive bleeding cases 
veie tieated coiisenatively except foin. which were opeiated upon foi sub- 
total gastrectomy, one ot whom died of pneumonia on the tenth postopei ative 
day All deaths occuiied 111 the gioup abore age 45 except three, one of 
wdiom had a gastric ulcei which at autopsy showed an open vessel in a 
sclerosed ulcei of the antium 

Theie weie 37 duodenal and 23 gastiic ulcei s, a latio of five to tw^o In 
the Knickerbockei giouji theie w'eie 16 females, wuth four deaths, a mortality 
of 25 pel cent Of the four females who died, tw’o weie duodenal ulcei s 
above age 45 and two weie gastiic ulcei s below age 45 Theie w^ere 64 male 
patients, ten of w'hom died, a moitality of 17 pei cent Of the ten males who 
died, one W'^as a duodenal ulcei below'^ age 45, foui were duodenal ulcers above 

45> foui weie gastiic ulcei s above age 45 and one w^as a gastric ulcer 
below'^ age 45 The divisions betw^een gasti ic and duodenal ulcei s in the sexes 
were approximately the same latio, there being foui females wnth gastric 
ulcei s to 12 with duodenal ulcei s, and 19 males wuth gastric ulcers to 45 wuth 
duodenal ulcers 

The moitality rate of the entiie gioup show^s seven gastiic ulcei deaths 
and seven duodenal ulcei deaths, a moitality of 7 6 pei cent, if computed for 
the entire 182 bleeding cases, 01 a mortality of 175 if computed on the 80 
massive gastric hemoirhage cases This group is included with the Ques- 
tionnaire group m the statistical table 

Opet ative Statistics — In the Knickei bockei and Questionnane groups, 
160 patients weie opeiated upon during the bleeding peiiod, many of them 
after prolonged bleeding (Table I) Of these, 112 had gastrectomies, either 
a Polya, a Bilhoth II, or some type of resection Twenty of these patients 
died postopei atively, either fiom the opeiation 01 postopei ative complications, 
such as pneumonia This gives a moitality of 178 pei cent foi all types of 
ulcers 
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GROUP OPERATED UPON BY VARIOUS PROCEDURES SUCH AS LIGATION PLICATION LOCAL 
RESECTION COAGULATION elc 
48 Patients operated upon without resection 
17 Deaths a mortality of 35 4% 

Admittedly most of these were less favor- 
able surgical risks 
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Theie weie 23 gastric ulcei patients above age 45, with six deaths, a moi- 
tality of 26 pei cent This compaies favorably with the conservatively treated 
gastiic ulcei cases Ninety-fom patients in the same age-gioup had 27 
deaths, a mortality of 28 7 pei cent 

In the gioup of duodenal ulcei s above age 45, theie weie 55 opeiated 
upon, with eight deaths a moitahty of 14 5 per cent, as against the conseiva- 
tively treated gioup of 199 patients with 44 deaths, a mortality of 22 per cent 
Had these patients been opeiated upon in the 24- to 48-houi peiiod, it is 
leasonahle to assume the moitalit} would have been neaiei that of mteival 
gastrectomies, 01 near that of Finsteiei’"' who peifoimed 71 gasti ectomies 
upon bleeding ulcei patients, uith a mortality of 42 pei cent 

The use of chemothei ap) , gnen cithei preopeiatively 01 as a massive 
dose intrapei itoneall} at the end of the opeiation, may still fuithei reduce 
this mortaht}, especialh since jmeumonia seems to be a complication causing 
many of the deaths 

Foit} -eight patients wcie tieated b} various operative pioceduies gastro- 
enterostomies, p) loroplasties with excision of the ulcei, entei ostomies 01 
gasti ostomies with hgatuie of the bleeding \essel 01 coagulation of the bleed- 
ing point It IS fail to piesiime that these patients w'eie less favoiable surgical 
risks, otheiwise gastrectomies w'ould have been undei taken Of these 48 
patients 17 died, a moitahty of 354 pei cent (Table IV) 

CONCLUSIONS 

Analysis of this data justifies the following conclusions 

(1) Gastrectomy is the operation of choice, both for contiol of hemorrhage 
and for an ultimate cuie Bleeding following gasti ectomy in suiviving 
patients w'as not lepoited 

(2) Gastrectomy is often moie difficult to accomplish m cases of duo- 
denal than in cases of gasti ic ulcei 

(3) Local excision of a gasti ic ulcer combined wuth gasti o-enterostomy 
apparently gives a satisfactory lesult 

(4) If the ligation of a vessel 01 plication of the ulcer only is accom- 
plished, nonabsorbable suture mateiial should be used Howevei, bleeding 
has recuried following this proceduie 

(5) Gastro-entei ostomy per sc is of no value to stop immediate bleeding 
or to prevent lecurrence 

(6) Vitamins, particularly B and C, given piefeiably by hypodermic in 
the postoperative period, will aid mateiially in an uneventful convalescence 

(7) Early operation before repeated exsangiiination occurs, is essential 
foi a lowered moitahty 

SUMMARIES OF CASES OF SPECIAL INTEREST 
Cases Reported in the Questionnaire Group 

Dr Willnm E Gallic Recurrent Hemoirliagc 

Male, age 43, with 1 five year history of gastric ulcer Admitted to hospital with hematemesis 
and hemoglobin 80 per cent Treated conservatively Nine days later, a second profuse hemorrhage 
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occurred after which the hemoglobin was 43 per cent Iti spite of transfusions the hemoglobin fell 
to 32 per cent A gastrectomy was then performed Recovery uncomplicated and the patient is now 
s>mptom free 

Dr James C Masson Lethal Hemorrhage LVithout Dationstfable Lesion 

A patient operated upon for repair of a postoperative interstitial hernia At the same time a 
vaginal hysterectomj for uterine prolapse and cystocele and a perineorrhaphy for lacerated perineum 
was done She had an uneventful convalescence On the ele\enth postoperative da> she passed a 
tarry stool In spite of treatment she died m a comparatively short time Autopsj revealed the 

stomach to contain 1 500 cc and the intestine 500 cc of blood but the source of bleeding could not 

be found 

Dr E Eric Larson Cautcitsation for Blccdtno 

(1) Malt age 58 was admitted for severe indigestion Fifteen da>s later he had a very severe 

gastric hemorrhage Operation Duodenotomj with cauterization of the pancreatic base of the ulcer 

Pyloric occlusion with gastroenterostomy was then performed Patient recovered and has been well 

for the past two years Roentgenograms show pylorus and gastro enterostomy stoma both functioning 

(2) Small Blccdina Ulcer Difficult to Ftnd 

Male age 38 died from massive gastric hemorrhage When the stomach and duodenum were 
opened at autopsy no bleeding point could be seen Upon stroking the posterior wall with the hand 
a fountain like spray emitted through a pm head sized hole Could the surgeon have found it'^ 

Dr Thomas H Russell The Voiina Die Too 

Boy age 14 was admitted to the hospital for massive gastric hemorrhage He was treated con 
servatively Autopsy revealed a small ulcer on the anterior wall of the duodenvim, which would have 
been easily resectable 

Dr James M Mason Rccmrcnce of Bleeding 

Male age 64 was admitted for massive gastric hemorrhage He was alcoholic and had cardio 
vascular renal disease Hemoglobin on admission was 35 per cent RBC i 950000 He was treated 
conservatively followed by recovery Readmitted nine months later for massive gastric hemorrhage 
Hemoglobin 28 per cent, RBC 2000000 Bleeding continued in spite of treatment Autopsy 
revealed a duodenal ulcer with erosion of gastroduodenal arteiy 

Dr Roderick V Grace Blccdina Recurrent afta Ligation 

Male age 35 was admitted for massive gastric hemorrh ige Duodenotomv was performed and 
a posterior duodenal ulcer with a vessel in the center was located A gastrectomy was not feasible 
so the bleeding artery was ligated with chromic ligature The ulcer was too fixed to admit its being 
plicated Bleeding stopped but on the fifth postoperative day the pitient died of an apparent recurrent 
hemorrhage 

Dr Albert J Motzel Death from Pneumonia 

Male, age 24 was admitted for massive gastric hemorrhage He passed red blood by rectum 
blood pressure not obtainable pulse fast After a i 000 cc blood transfusion his pressure was 70/50 
In three days another severe hemorrhage occurred, pulse 120 RBC i 700000 He received a large 
transfusion, with teniporarv recovery but continued to bleed Duodenotomy under local anesthesia 
on the seventh day disclosed a posterior duodenal ulcer with bleeding artery which was ligated with 
silk Patient improved and four days later RBC 4240000 123 Gm hemoglobin On the fifth 

postoperative day he developed pneumonia and in spite of chemotherapy succumbed on the twenty 
ninth postoperative day 

Dr Reginald H Smithvvick Extent of Operation Possible 

^lale age 30 had had repeated hemorrhages during a period of three weeks RBC i 500 000 
At operation an ulcer was found on the lesser curvature posterior wall involving the gastric arterv 
The crater was 3 cm m diameter and the ulcer proved to be cancerous Practically a total gastrec 
tomy was performed with recovery 

Dr Irvm Abell Pciforation and Bleeding Ulcer 

Male age 42 Past history of typhoid Had recurrent attacks of excruciating pain in abdomen 
over a period of 12 years On admission stools had been tarry for past 24 hours He was given 
two blood transfvisions totaling 915 cc Bleeding continued and hemoglobin reached 30 per cent 
RBC I 860 000 After the transfusions a celiotomy demonstrated a perforated gastric ulcer partially 
concealed bv the liver colon and omentum Polya type of gastrectomy was performed, also appen 
dicectomy resulting m a cure 

Dr Edwin M "Miller Mojxi >e Transfusion 

Male age 64 was admitted for massive gastric hemorrhage At noon he was iit extremis A 
continuous blood transfusion was then started and at four o clock his condition was thought to be 
operable The stomach was dilated and solidly filled with a massive blood clot which could onlv be 
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rcnio\cd 1 )' ‘Jcoopinfr it out b\ Innd After renio\il of the clot, it t\is possible to see a pumping 
gustnc urtcr\ in the center of i siddliiig ulcer on the lesser cur\iture A Billroth II resection, with 
nil anterior gnstro eiitcrostonn and an entero entcrostomj were performed One jear postoperatiae 
the patient is in excellent health 

Dr Tohii Af Foster Tr Anroert Successful £• cn ifici Louq Dcla\ 

Itlale, age 4S nith chronic ulcer Admitted after four dajs of profuse bleeding RBC 

1250000 Improtetl nitli concert ati\e treatment, hut on ninth daa after admission he again had 
moderate henntcmesis On the eighteenth and nineteenth daes, he aomited copious amounts of blood 
A posterior duodenal ulcer was found, with an artcra that spurted ten inches The ulcer could not 
he remoaed on account of the nidiiration A posterior Polaa, atitli exclusion of the ulcer aaas per 
formed ‘ Lpon being brought to the operating room both arms \aere placed on arm hoards and with 
four aaailahle donors aae transfused him in both arms The amount of blood receiaed during surgera 

aaas about i 200 cc He left the table aaitli a niticli better color and a distinct slotting of the pulse ’ 

Cona alcscence aaas complicated ha pneumonia To date he is in excellent condition aaithout sjmptoms 

Dr William F MacFct Successful Subtotal Gastrcctom\ 

Male age 61 had had iiiteriiiittent cxsangiiinaling hemorrhages for three aaeeks of such seaerit) 
and frequcnca that oiicration became impcratiae \ subtotal gastrectoma aaas therefore, performed 
aaitli cure of the patient 

Dr Claude F Dixon Reach' at tou 'iitli Bhcdtnn of an Appariuth Healed Duodenal XJlcct 

K gastro eiitcrostoma gate relief for 16J/ tears lie aaas readmitted for a large tumor in his 
upper abdomen suspected of being a carcinoma Exploration reaealed a gastrojejunalcolic fistula 
Jejuiiostoma aaas performed at this operation for feeding purpose The mass rapidla disappeared The 
abdomen at is reopened four aaeeks later and as the duodenal ulcer had practically disappeared the 
gastro entcrostoma aaas disconnected, the marginal ulcer excised and normal coiitinuit> reestablished 
A double barrel colostoma aaas then made at the site of the colon fistula Progress aaas excellent for 
three aaeeks aahen a terrific hemorrhage occurred He aaas giacn 16 transfusions, taao being of 1,500 
cc , three of 1 000 cc , nid ii of 500 cc He aaas iieaer transfused except as a last resort Autops> 
reaealed a reactia atioii of the duodenal ulcer aaitli erosion of the pancreaticoduodenal arterj 

Dr Walter D Wise Blecdtun after I.xclusion Operation 

Female age 34 suffering from recurrent hemorrhages She aaas explored and such an exteiisiae 
duodenal ulcer aaas found that resection aaas considered impossible A gastro enterostomj aaas per 
formed She siihsequentlj hied again A second exploratorj aaas done at aahich time resection aaas 
again considered too formidable, so a Diaine exclusion operation aaas performed This gaae the 
patient relief for about fiac scars She rtcentlj had another attack of bleeding 

Dr Guilford S Diidlea (Second Surmcat Drision — Belle- ur) Duodenal Fistula 

'Male ige 74 aaas admitted aaitli iierforatcd prcpalonc ulcer for avlnch he aaas successfully 
operated upon On the taaenta second postopcraliae daa, he had a sea ere gastric hemorrhage folloaaed 
h> shock Snpportiae treatment aaitli 500 cc transfusion caused improaement In 24 hours he had 
a second seacre hemorrhage aaitli marked shock blood pressure 96/66 pulse 130 Continuous trans 
fusion and operation folloaaed There aaas a large posterior duodenal ulcer penetrating into the 
pancreas, aaith an open aesscl Subtotal gastrectomj aaith resection of the ulcer and ligation of the 
bleeding aessel aaas accomplished Difficultj aaas encountered 111 closure of the duodenal stump, 
cigarette drain down to the duodenal stump and aaound closed Duodenal fistula dea eloped on fourth 
postoperatiae daa aaith drainage of blood and bile Patient dea eloped pneumonia and died on thirteenth 
postoperatiae daj 
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SURGERY IN PEPTIC ULCERATION OF STOMACH AND 
DUODENUM IN INFANTS AND CHILDREN* 
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Louisville, Kv 
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Mayfield, Ky 

Because of the general impression that peptic ulceration of the stomach 
and duodenum is excessively rare in infants and children, there is a tendency 
to neglect this lesion in young patients For this reason, it seems to us of 
interest to present evidence which, though largely indirect, indicates that the 
disease is not very uncommon 

Several inteinists and roentgenologists {eg , Nisbet, 1911, Michaelsson, 
1925, Dickey, 1926, Potter, 1930, Jankelson, 1932, Reuben, 1934, Hiisch, 
1935. Prevot, 1935, Blechmann, Gutmann and Nemours- Auguste, 1932) 
have published two 01 more cases in which the diagnosis of peptic ulcer was 
adequately established on clinical grounds, and others (Weitheimber, 1882, 
Adler, 1907, Loeber, 1929, Herz, 1930, Oldfield, 1932, Bermoiid, 1933, 
Moore, 1934, Gillespie and Gianturco, 1935 > Menna, 1937, Cathala, 1938) 
have leported individual examples m this category Many of these authors 
voice the opinion that the disease is not lare but fiequently ovei looked 
Altogether, a considerable number of ulceis, about 200 01 300 111 the world 
literature have been demonstrated at autopsy,! and undoubtedly many have 
existed undiagnosed m patients who have recovered 01 who have died without 
postmortem examination 

By caieful seaich, we have gathered what we believe to be an almost com- 
plete collection of the cases repoi ted m which operations have been pei foi med 
for peptic ulcers in infants and children The cases number 119, and include 
one of our own The diagnoses, we think, though based on clinical features 

This paper is not concerned with peptic ulceration of the esophagus or of Meckel’s 
diverticulum For those who are interested in these subjects, the articles bj Diaman- 
topoulos (1926), and Black and Benjamin (1936) should be consulted 

j Through the kindness of Dr B Earl Clarke, pathologist at the Rhode Island 
Hospital, ve record, here, a pre\iouslj unpublished case of an acute ulcer of the posterior 
wall of the duodenum, 3 Mm in diameter, observed at autopsj in a male, aged two 
months The infant was w'ell until tw’o or three dajs before death It then refused food 
and whined as if in pain There was no -vomiting, and blood was not noticed in the stools 
Evcept for a moderatelj enlarged heart w'lth a patent foramen ovale and a wide inter- 
ventricular defect, nothing else abnormal was observed at the postmortem examination 
A blood culture was not made 
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01 gloss obseivations at opeiation m some of the patients in whom gastro- 
entei ostomy alone was peifoimed, can scarcely be questioned We have also 
accumulated lepiesentative lepoits of 124 cases in which no operation was 
undei taken In most of these instances, the diagnoses weie established at 
autops}, and in the olheis the clinical featuies. often substantiated by chai- 
acteiistic 1 oentgenologic findings, were unmistakable 

An analysis of 0111 collected cases shows that ulcers m the newborn, by 
which w^e mean infants in whom the symptoms become outstanding wnthm 
the first tw'o Aveeks of life, have special chaiacteiistics (i) The gieat majority, 
at least of ulceis that aie lecogmzed, bleed senously, 01 perfoiate, or do 
both (Table I) , (2) m many the onset is piecipitous wnthout lecognuable 
pi emonitoi symptoms 01 signs, (3) except in a few^ cases, neithei clinically 
noi at autops}, is there evidence of intracranial mjuiy, 01 localized 01 gen- 
eiahzed sepsis, (4) with few exceptions the lesions aie acute, wnthout cellulai 
leaction or bacteiial invasion, (5) because of the sudden, acute, fulminating 
symptoms, veiy few of these newdiorn patients aie opeiated upon, (6) duo- 
denal ulceis oiitnumbei the gastiic in a ratio of 2 i (Table II), and (7) 
males outnumbei females, but not strikingly so (Table III) 

Peptic ulceis have been shown to occui even in ntcio (Lee and Wells, 

1923) 



T\P! S or ULCER 

Steno<:ing 

Table I 

REPORTED IN 

Perforated 

\AR 10 US AGE-GROUPS 

Bleeding 

Persistently 
Painful etc 

Totals 

Newborn (0-14 dajs) 

1 

18 

23 

1 

42 

is days-i jear 

8 

IS 

3 S 

6 

S 4 

2-6 

2 

3 

10 

5 

20 

7 -n 

18 

IS 

8 

i6 

S 7 

12-15 

31 

26 

3 

12 

73 


— 

— 

— 

— 

— 

Totals 

60 

77 

68 

40 

245 


Note that (i) At least among the cases a\hich have been recognized ulcers m the newborn and m the 

early months of life charactenstically either bleed seriously or perforate or do both 

(2) The number of cases of all types which are recognized is small in children between two 

and SI'S >cars of age 

(3) Among the recognized cases the incidence of pyloric stenosis and perforation increases 

during the later years of childhood while the occurrence of senous hemorrhage decreases 

(4) After the eighth year there are a considerable number of patients with uncontrollable 

abdominal symptoms especially pain 

Dm mg the fiist 24 months of life, beyond the newborn peiiod, the num- 
ber of infants wuth ulcei diminishes The natuie of the disease also changes, 
as follow^s (i) Although again the gieat majoiity of ulcers bleed grossly, or 
perfoiate (Table I), theie are often piemonitory symptoms such as refusal 
of feedings, evident abdominal pain, vomiting, occasional stieakmg of blood 
m the vomitus and melena, sometimes occui 1 mg over a peiiod of weeks 01 

Kennedj" (1926), and others, believe that most cases of melena neonatorum are 
due to ulcers, and that many of them heal He states (1924) that acute ulcers are often 
overlooked at autopsy, and that, frequentlj', they are quite invisible in a fresh specimen 
although they may be seen easily if the specimen is examined after a few hours of fixation 
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months before the onset of graver symptoms, (2) persistent pylorospasm or 
inflammatory or cicatricial pyloric stenosis is seen occasionally, (3) many of 
the patients are septic and marasmic, and the ulcers when seen at autopsy 
present, as a rule, an acute, subacute or chronic mflammatoiy base m which 
are seen numerous bacteria, (4) because of poor general condition very few 
of these patients are operated upon, (5) m an undetermined number, the 
symptoms recede and health is regained , (6) in this group the duodenal and 
pyloiic ulcers outnumber the gastric in a ratio of more than 5 r (Table II) , 
and (7) males outnumber females (Table III) 


Table II 

RATIO OF DUODENAL AND P\LORIC TO GASTRIC ULCERS IN VARIOUS AGE GROUPS 

Duodenal and 



Pylonc 

Gastnc 

Total 

Newborn (0-14 days) 

26 (2)* 

12 (i) 

38 

IS days-i year 

43 (S) 

8 (I) 

SI 

2-6 

l6 

6 

22 

7-1 1 

44 

16 

60 

I2-IS 

55 

17 

72 

Totals 

184 ( 3 ) 

59 (l) 

243 


* Ratios are in parentheses 

Note that (i) The ratio of duodenal and pylonc to gastnc ulcers is approTi 
mately 2 i in the newborn 
(2) This ratio is about 3 i for the entire group 

Between the ages of two and six years, the recognized examples of the 
disorder are very few (Table III) Among 243 cases, only 22 occurred 
within this period This contrasts strongly with 89 recorded for the first 24 
months of life, 60, for ages between seven and ii years, and 72 for ages 
between 12 and 15 Among the examples repoited, chronicity, hemorrhage, 
perforation and stenosis are outstanding features and, except m the children 
with burns, foci of infection are observed only rarely 

Table III 

AGE AND Srx DISTRIBUTION AMONG 243 CASES OF 
DUODENAL AND GASTRIC ULCER 

Sex Not 



Male 

Female 

Stated 

Total 

Nc'^^born (0-14 days) 

IS 

II 

12 

38 

15 days-i year 

22 

IS 

14 

51 

2-6 

II 

9 

2 

22 

7-1 1 

35 

22 

3 

60 

12-iS 

43 

23 

6 

72 

Totals 

126 

80 

37 

243 


Note that m all age groups males outnumber females but not strikingly so 
The ratio of males to females for the total number is approximately i 5 i 

As age advances beyond the seventh year, there is a rise m the number 
of cases recognized, with special accentuation of the symptoms of pyloric 
stenosis and perforation (Table I) Hemorrhage recedes into the background 
A few of the children require surgical treatment because of persistent, un- 
controllable indigestion 
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Over 70 per cent of the patients repoited between the ages of seven and 
15 ^\ere operated upon On this basis there must be a laige number of un- 
recognized or umeported cases of acute 01 subacute ulcei at this time of life, 
for it IS scarcely possible that such a high pioportion of the ulcers of childhood 
should lead to complications which lequiie surgical inteivention It seems 
probable that acute and subacute ulcei s masqueiade under diagnoses such as 
chionic appendicitis, intestinal tuberculosis, mesenteiic lymphadenitis, ver- 
miculosis, allergic indigestion, 01 neuiosis 

Among the cases lepoited in this age-gioup (seven to 15), the symptoms 
have often been piesent inteimittently 01 continuously o\ei a period of 
months or years Clnostek (1882) noted a male, age 18, who had had 
indigestion since age foui Autopsy showed two laige, round gastric ulcers, 
one at the caidia and one at the pyloius, the lattei of which had caused 
pyloiic obstruction Paimentier and Lasnier (1908) told of a female, age 
20, whose s}mptoms of ulcei had been present since infancy, she w^as im- 
proved on medical tieatment Pepper (1899) observed an autopsy on a 
patient, age 20, w'hose epigastric s} mptoms dated back to early childhood and 
111 whom death was due to cicatiicial pjloric stenosis Among patients who 
weie opeiated upon aftei the age of 15, and who, thus, w'ere not included in 
our collection, Ettman (1936) lecorded the stoiy of a girl, age 16, wdiose 
symptoms for the preceding 18 months w'eie charactei istic of ulcer and who 
then perforated the duodenum, Schahj (1923-1924) reported upon a 
female, age 18, with lecurient epigastric distiess since the age of 12, and 
high gastric acidity, wdio at opeiation revealed a callous ulcer of the duo- 
denum, and Bignami (1939) desciibed a girl, age 17, who had been treated 
for abdominal distiess since the age of ii, and wdiose chronic duodenal 
ulcer w^as relieved b} gastro-enterostomy Von Cackovic (1912) and Proctor 
(1925) noted that m a considerable number of cases of ulcer m adults the 
symptoms date back to childhood Several authois (Kalk, 1928, Rogers, 
1928, Hirsch, 1935, Meltzer and Graf, 1936, and Bloch and Serby, 1937) 
stress the frequency of a familial history of ulcer in affected childi en 

Swgtcal Considoations — Because of advances made m management dur- 
ing the preoperative, operative and postopei ative periods, operations upon 
children, generally speaking, aie safer than they weie formerly No rule 
of thumb can be made m regard to infants and children who present gross 
gastro-intestmal hemorrhage, or 111 those m wdiom septic or marasmic con- 
ditions such as malnutrition, furunculosis, otitis media and bums, complicate 
the picture, but foi othenvise healthy children wuth chronic hemoirhage, pei- 
foration, pyloric occlusion, or those m wdiom pain persists after adequate med- 
ical treatment, operation may be said to be indicated 

Our interest in surgery of peptic ulcer m infancy and childhood was 
aroused by the followung case 

Case Report — Perforated Duodenal Ulcer — Sutured 34 J 4 hours after birth Re- 
cover} F W F, colored, normal appearing, full-term, male infant, weighing seven 
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pounds and one ounce, was born m the Louisville City Hospital February 19, 1934, at 
1 1 03 A M 

The mother, age 25, had given birth to four full-term infants in the hospital pre- 
viously The third one had died one week after a Ramstedt operation for pyloric stenosis , 
there was no autopsy There had been one miscarriage at the third month, but the history 
did not suggest tuberculosis or syphilis, and the mother’s blood Wassermann reaction 
had been negative on all admissions When seen in the Prenatal Clinic during the 
eighth month the blood Wassermann reaction was again negative Labor began at 
2 t M , February 19, 1934, and she was admitted to the hospital four hours later The 
membranes ruptured at 10 45 A M During the second stage, which lasted 18 minutes, 
chloroform was administered in small amounts, and the birth was completed spontaneously 
in the left occiput anterior position 

There was no asphyxia and the infant cried immediately He was put to the breast 
at 6 P M and at 10 pm, and took 35 cc of water during the first 12 hours On the day 
of birth he had one normal meconium stool and voided once On the next day he was 
placed on the breast every four hours and allowed water in 15 to 20 cc amounts between 
feedings Another meconium stool was passed and he voided twice When he was fed 
at 2 p M , 27 hours after birth, nothing abnormal was noted, but he cried a great deal 
shortly afterward, and at 4 30 p m , 2954 hours after birth, the nurse observed that the 
scrotum was swollen and that the abdomen was distended He had not vomited The 
rectal temperature was 998° F He was given a colonic irrigation, upon which a pastj, 
brown stool and a little gas were expelled 

When seen at 6 30 p m , the abdomen was moderately distended, and the scrotum was 
ballooned so that the skin seemed stretched to the thinness of paper The scrotal sac was 
symmetrical, transilluminated readily, and was tympanitic on percussion The scrotum 
could be reduced in size by compression, but on release it refilled and, if at the same time 
pressure was exerted on the abdomen, the scrotum w'ould distend with a swishing sound 
Rectal examination showed nothing abnormal 

Roentgenograms were made w'lth the infant upright, and again in an inverted posi- 
tion Thev showed a very large amount of free air in the peritoneal cavity and in 
hernial sacs, which extended into the scrotum The findings were diagnostic of a perfora- 
tion in the gastro-intestinal tract, although the exact nature of the lesion was not suspected 
preoperativelv 

Abdominal exploration w as performed under chloroform anesthesia at 9 30 pm, 
34 l 4 hours after birth This procedure was carried out by Dr Jacob M Mayer, then 
resident surgeon On opening the peritoneal cavity, free gas and a small amount of 
serosanguineous fluid were observed There was moderate hyperemia of the serous sur- 
faces and, here and there, loops of small bowel were bound together by tresh fibrin 
The tip of a finger could be introduced into both sides of the scrotum, but no bowel or 
omentum w'as present in either hernial sac Investigation of the upper abdomen revealed 
an exudate in the region of the gallbladder and duodenum, w'here all the structures were 
matted together When the fresh adhesions were separated, a perforation w'as found 
on the anterosupenor surface of the duodenum, immediately distal to the pyloric vein 
A moderate amount of bile and mucus exuded from it The perforation was oval in 
shape and about 3 Mm in greatest diameter There w’as no induration or edema of its 
borders and the opening appeared as though a bite had been taken out of the normal 
duodenum by a sharp instrument The defect was closed transversely with a row of 
fine, interrupted chromic catgut sutures and was reinforced bj a tier of “A” silk sutures 
o\er w’hich was drawn a portion of the gastrocolic omentum The abdomen was closed 
sccureU m la\ers without drainage In appljmg the dressing, the wound was isolated 
from the umbilicus 

The infant was returned to the w’ard in excellent condition and was given 80 cc of 
10 per cent dextrose solution intravenously and 350 cc of isotonic sodium chloride 
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subcutaneously During tlie following ir hours he \onnted small amounts of brownish 
fluid on three occasions 

At II AM the next morning, 15 mg of phenobarbital in a small amount of water 
were administered by mouth, for restlessness After 3 pm, he took w^ater by mouth in 
IS cc amounts at one and one-half hoiii intervals At 6 15 pm, he vomited again and 
gastric lavage evacuated a moderate amount of brownish fluid The abdomen was not 
distended and the rectal temperature had not risen above 99 8° F He was given 100 
cc of 10 per cent dextrose intravenouslv and 125 cc of Hartmann’s Ringer-lactate solution 
subcutaneouslj Bv this time cultures of the fiee peritoneal fluid, taken at the time of 
operation, showed no growth 

On Februaij 22, the second postoperative dav, the rectal temperature rose at 8 a m 
to 1022° F At 9 A M , he was given 10 cc of breast milk with 10 cc of water, at noon 
and at 3 PM he was fed 15 cc of breast milk with 10 cc of water and at 6 p M and 
10 PM, 20 cc of breast milk with 10 cc of water Watei was also given, 30 cc at a 
time, during the dav, half-wav between feedings, and 125 cc of Hartmann’s solution 
were administered subcutancouslj 

On Februarv 23, the third postopei ativ e dav, he was fed, as on the last previous 
occasions, at 2 \ vi , and 6 a vr , and was then put to the breast every three hours, each 
feeding was supplemented by 30 cc of breast milk The rectal temperature on this da> 
remained below 996° F, and the abdomen was soft 

On Februarv 24, the fourth postoperativ’c dav, the tempeiature was normal and 
remained so throughout the rest of the stav m the hospital He took the breast fairly well, 
although it was necessarv to continue the supplemcntarj feedings The weight, which 
had dropped seven ounces on the second postoperative dav, again approached the birth 
weight On the ninth postoperative daj he weighed eight pounds, but gradually lost 
again to seven pounds and two ounces on March 10, then gained graduallj The wound 
healed cleanly There was no apparent infection at the umbilicus at any time 

On March 9, the seventeenth postoperative day, a gastro-intestinal examination 
showed 25 per cent retention of barium in the stomach at six hours, there was a slight 
residue m the stomach after 24 hours The infant was discharged in excellent condition 
Alarch 17, 1934, 26 days after operation His weight on this date was sev^en pounds and 
nine ounces 

The barium meal was repeated on March 31, 40 days after operation Sixty per cent 
was found m the stomach at the end of six hours Fiv'e houis later, there w'as still a 
large amount of barium in the stomach, but some of it was scatteied through the intestinal 
tract At 24 hours, the infant had not vomited, and the stomach and most of the bowel 
were empty 

The patient was readmitted for observation November 2, 1934, at the age of eight and 
one-half months According to the mother he had been well since discharge He had 
never vomited and the bowels had moved without medication He had eaten cereals and 
vegetables in addition to breast milk, orange juice and cod liver oil He was found to 
be well-developed, and weighed 17 pounds The abdominal wound was solidly healed 
He had an umbilical hernia Both inguinal rings were enlarged but definite herniae 
could not be demonstrated The testicles were palpable in their normal positions On 
November 5, the gastro-intestinal examination was repeated At the end of six hours 
there was slight retention of barium, and four hours later the stomach was empty On 
November ii, a gastric analysis, using for stimulation 60 cc of 7 per cent alcohol with 
histamine added, gave clear, mucoid specimens which contained no blood, the fasting 
specimen showed free hydrochloric acid 32, total 58, at one-half hour, free 18 and total 
24, at one hour, free five and total nine 

On April 30, 1935, 14 months after operation, the child was returned for further ob- 
servation He had been well, and his development had proceeded satisfactorily On May 
3 , a barium meal revealed the stomach and duodenum to be normal in size, shape, position 
and function Barium passed freely from the pjdonc antrum into the duodenum and 
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there was no six-hour residue The gastric analysis was repeated, this time using 
50 cc of 7 per cent alcohol and 0 09 cc of i 1,000 histamine solution No free hydro- 
chloric acid was found in any of the specimens, the total acidity in the fasting contents 
was 18, at one-half hour 50, and at one hour 45 Possibly, it is of significance that on 
the day this determination was made, the rectal temperature was 1012° F , two dajs 
later he was transferred to the isolation ward with a well-developed case of measles 
Recovery was complicated by acute catarrhal otitis media 

The child was studied again in February, 1940, at the age of six He was in good 
health Gastro-intestinal examination showed the esophagus and stomach normal and 
empty at six hours There was a smooth outpouching from the duodenal bulb which 
gave the appearance of a small diverticulum At 24 hours, the entire tract was empty 
of barium except for the lower colon Gastric analysis showed for the fasting specimen 
free hydrochloric acid two, total 150, one hour after 60 cc of 7 per cent alcohol, free 
20, total 130 

Table IV 

SITUATION OF ULCERS AND INDICATIONS FOR OPERATION 



Pylonc 



Persistent 



Obstruction 

Perforation 

Hemorrhage 

Pain etc 

Totals 

Stomach 

7 

21 

I 

I 

30 

Pylorus or duodenum 

42 

21 

10 

10 

83 

Pjlorus and duodenum 

4 




4 

Stomach and duodenum 


I 



I 

Accessory pouch of anomalous stomach 



I 


I 

Totals 

S3 

43 

12 

II 

IIP 

Note that (i) The pylonc and duodenal lesions constitute 72 per cent of those operated upon 



(2) The indications for operation are for the most part pyloric obstruction perforation of 
the duodenum or stomach hemorrhage from the duodenum or persistent pain due to 
a pylonc or duodenal ulcer 


Among the 119 cases of peptic ulcer of the stomach or duodenum operated 
upon between the ages of 34j!4 houis and 15 years, 53 were for pylonc stenosis, 
43 for perforation, 12 for hemorrhage and ii for uncontrollable symptoms 
(Table IV) The stomach was involved in 30 cases, the pylorus or duo- 
denum m 83, wdule in five other cases there were multiple lesions involving 
more than one part, and in one there was an ulcer in an accessory pouch of 
an anomalous stomach 


Table V 


INDICATIONS FOR 

OPERATION AND NUMBER OF PATIENTS 

OPERATED UPON 

IN VARIOUS 

AGE GROUPS 






Number of 


Pylonc 



Persistent 

Patients 


Obstruction 

Perforation 

Hemorrhage 

Pam etc 

Operated Upon 

Newborn (0-14 days) 

I 

5 



6 

IS days-i >ear 

3 

3 

3 


9 

2-6 

I 

3 

4 


8 

7-1 1 

18 

7 

2 

4 

31 

12-15 

30 

25 

3 

7 

6s 

Totals 

S3 

43 

12 

II 

up 


Note that (i) Most of the operations have been upon older children 

(2) The largest number of procedures have been earned out for pylonc obstruction and for 
perforation a smaller number for hemorrhage and persistent symptoms 


The indications for operation and the number of patients operated upon 
m the various age-gioups are shown m Table V In the very young, the 
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indications weie Persistent pyloiospasm^ p}doric stenosis, perforation or 
hemorrhage, in the small gioup between the ages of two and six years, 
hemoirhage or peiforation, and in the laigei groups between seven and 15 
years, predominantly cicatiicial 01 inflammatoiy pyloric stenosis, acute per- 
foration or, in a few, uncontrollable pain Most of the operations weie per- 
formed in latei childhood 


Table VI 

T\pns or OPERATION, AND MORTAHTl RATES’*" 


Newborn (0-14 da>s) 

IS days-i year 

Closure of 
Perforation 

S (4) 

2 (1) 

Pyloroplasty 
or Gastro 
enterostomy 

2 (i) 

Resection 

1(1) 

Totals 

5 (4) 

5 (3) 

Mortality 

Rate 

(Per Cent) 

80 0 

60 0 

2-6 

I 

2 

I 

4 

0 0 

7-1 1 

5 ( 1 ) 

21 u) 

4 

30 (2) 

6 7 

12-15 

24t (2) 

30 

II (I) 

6 S (3) 

4 6 

Totals 

37 ( 8 ) 

55 (2) 

17 (2) 

109 (12) 

II 0 


Parentheses indicate deaths 

Note that the mortality rate in the \ er> joung has been high while the rate in the older children has been 
quite low 

* The following cases are not included in this table 
San]ck Weber Becker, result not stated 

Michaelsson, gastro-enterostomy, resection elsewhere at age 2i for jejunal ulcer, result not stated 
MichaSlsson, gastro enterostomy, second operation at age 17 for jejunal ulcer, died 
Bufe John, appendicectomies in patients with bleeding ulcers, died 
Lee and Wells, lysis of adhesions in newborn infant with perforating gastnc ulcer, died 
Berglund, exploratory celiotomy in an infant with bleeding duodenal ulcer, died 
Ph 41 ip and Fey, operative perforation of small bowel in infant with perforated gastric ulcer, died 
Shore, exploratory cehotomj in infant with perforated gastric ulcer, died during operation 
von M 6 ntz, exploratory celiotomy in child with perforated duodenal ulcer and pentoneal abscess, died 
Bechtold, drainage of abdomen, only, in child with perforated gastric ulcer, died 
Peutz, exploratory celiotomy for bleeding duodenal ulcer, recovered 
t The case of Andersen is included in this table both under closure of perforation and under gastro- 
enterostomy and the case of Angel and Angel and two of Deuticke are included both under closure of per- 
foration and under resection In each case there was a long interval between the first and second operations 


The procedures (Table VI) are grouped under the headings Closure of 
perforation, gastro-enterostomy (including pyloioplasty) , and resection Al- 
though closure of a perforation was carried out in five newborn infants, only 
our own recovered The next youngest survivor was a male, age three 
months, reported by Sehngei (1930) — with a recent perforation of the stom- 
ach which had sealed over Downes (1923) successfully sutuied an acute 
perforation of the duodenum in a child, age three Between the ages of seven 
and II years, five perforations were closed with only one death — in a very 
ill child, age nine, whose pei f 01 ation occurred nine days before operation In 
the age-group between 12 and 15, 24 perforations were closed with only two 
deaths, one in a child, age 14, who was operated upon after a delay of 21 
hours, and the other, in a boy, age 15, who died 17 days after operation 
because of an apparently unrelated intestinal obstruction 

The 52 gastro-enterostomies and three pyloroplasties, which are here 
grouped together, were accomplished with only two fatalities, one in a male 
infant, age two months, upon whom a Ramstedt pyloroplasty was performed, 
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under a mistaken diagnosis, and who died of hemorrhage from a duodenal 
ulcer, and the other, m a boy, age ii, who died following drainage of an 
hepatic abscess two months after gasti o-enterostomy for pyloric stenosis 
We feel the record of resections of stomach and duodenum is remarkable 
There were 17 m all, with only two fatalities, one following a pyloroduo- 
denectomy for a laige, deeply penetrating juxtapylonc ulcer (Landivar, 1928), 
and the othei , m an infant, age 22 months, with a stenosing ulcer i cm above 
the pyloius The surgeon in the latter case (Stohr, 1925) stated that, in his 
opinion, a gastro-entei ostomy would have sufficed 

In Table VI, the mortality rates at different ages may be seen The chief 
points of interest are that the rate m the very young has been high (70 
per cent), and foi the adolescent child rather low (46 per cent) 

Table VII is introduced for those who may use this article for reference 
It indicates the names of the authors, the types of operations performed in 
the various age-groups, and the survival or death of the patient as the case 
may be 

Ladd’s case has not been published previously A boy, age ii, gave a 
history of vomiting and loss of weight of two )^ears’ duration Roentgeno- 
logic examination showed pyloric obstruction with 50 pei cent gasti ic reten- 
tion at the end of 18 hours A posterior gastro3ej unostomy was pei formed 
m June, 1938, for an indurated pyloric ulcer In April, 1940, the boy had 
gained 33 pounds in weight and was having no symptoms 

Imbassahy lefeis to the case of E Mensi, the report of which we have 
lieen unable to obtain in the original (Policlinica infantile, Januaiy, 1935) 
A girl, age 13, had had attacks of headache, obstipation and vomiting Roent- 
genologic studies showed a niche, charactei istic of ulcer, in the duodenal 
bulb She was cured by a gastro-enterostomy 

The fact should be mentioned that children are no more immune from the 
dangers of postoperative gastrojejunal ulcer than are adults This is seen 
fiom the report of three cases by Michaelsson (1925) We have found two 
other cases of postoperative jejunal ulcer m individuals within the age-groups 
under discussion One of these was descubed by Freund (1903), and also by 
Tiegel (1904), the other by Strode (1933) 

summary and conclusions 

Our rather complete examination of the literature on the subject forces 
us to conclude that there are a consideiable number of infants and children 
who at one time or another haA^e peptic ulcers of the stomach or duodenum 
We believe that at ages up to and including adolescence there are a large 
number of unrecognized 01 unreported ulcers of a potentially serious nature 
Probably many of the lesions are acute and superficial and heal quite rapidl}^ 
when the regimen is altered in some simple manner In a few cases, the symp- 
toms persist and, if a study with barium is undertaken, an ulcer is found 
which often show s a definite crater Roentgenologic studies should, ive think, 
be made more often in the younger patients 
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For otherwise healthy infants and children with chronic hemorrhage, per- 
foration, pyloric occlusion or uncontiollable symptoms, operation is indicated, 
but children, like adults, are subject to the dangers of postoperative gastro- 
jejunal ulcei 

Recoveiy is reported subsequent to the closure, 34^ hours after birth, of 
a peifoiated duodenal ulcer in a coloied, male infant The child is well, six 
years afterward 
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SURGICAL PROBLEMS IN THE TREATMENT OF 
GASTROJEJUNAL ULCERATION' 

Ralph Colp, M D 
Nr;\\ York, N Y 

most TIIF SUItGICSL SfcnMCF OF THE MOUNT SIN \I IlOSPITSL, NEW YORK, N T 

It a\i 1I probabl}- be conceded that the operation of gasti o-enterostoiny still 
occupies an iinpoitant idle in the surgical treatment of duodenal ulcer In 
the majority of instances, the patients are definitely relieved of their symp- 
tomatology, because the duodenal lesion is usually healed by this simple 
proceduie In any series of cases, howevei, there are some unsatisfactory 
lesults, patients m whom the postopeiative tram of symptoms is often mate- 
rially w'orse than those w Inch originally bi ought them to operation Most of 
these serious complaints ma}'^ be attiibuted to the effects of gastrojejunal 
ulceration The appearance of this complication following gastro-enterostom)- 
has long been recognized, but it is only recently that the frequency of maigi- 
nal and jejunal ulceration has been fully appieciated Howevei, the occui- 
rence of gastrojejunal ulceration is not solely confined to gastro-enterostomy 
It may occasionally follow a gasti ectomy of the Bilhoth Il-type for duodenal 
ulcer 

It w'as thought that it might be of interest to discuss the subject of gastro- 
jejunal ulceration as it occurs m the w'aid patients of a general hospital, 
placing special stress on the suigical pioblems wdiich may complicate its 
treatment 

The therapeutic approach to this problem demands an intimate knowledge 
of the pathology and pathologic physiology induced by these lesions It is 
important to know the extent, character, and location of the ulceration There 
may be one or more ulcers piesent These may be located m the margins of 
the stoma, usually on the jejunal side and larely the gastric Ulceration may 
occur opposite the stoma, or a short distance from it, most often in the efferent 
lather than the afferent jejunal loop The ulcer may be either superficial, 
simulating an erosion, or deep, wnth a definite cratei In either variety, if 
the blood vessels are involved, hemorrhage may be a serious complication 
While the jejunal and marginal ulcers may perforate either into the free 
peritoneal cavity or into the colon, causing a gastrojejunocolic fistula, it is 
more usual for these penetrating ulcers to be effectively walled-off by the 
adherence either of the transverse mesocolon, the colon, intestines, or pan- 
creas This may result in a large mtra-abdommal inflammatory exudate 

Occasionally, the inflammatory reaction about an area of ulceration may 
be so severe and extensive that either an acute or subacute obstruction of the 
gastro-enteric stoma or the efferent loop may result In some cases, even 

* Presented by title before the American Surgical Association, White Sulphur 
Springs, W Va , April 28-30, 1941 
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though this acute inflammation eventually subsides, the resulting scar tissue 
may produce some degree of obstruction Obstruction m the stomal region, 
especially if accompanied by either a pyloric spasm or a duodenal stenosis 
usually produces a dilatation of the stomach The gastric wall under these 
circumstances may eventually become atonic The resulting inability to retain 
food, and the loss of gastric secietions by vomiting lead to nutritional disturb- 
ances such as an avitaminosis and an hypoprotememia and to dehydration 
and an alkalosis which may become so severe as to threaten life 

The symptomatology of this disease as a rule is rather typical, and the 
diagnosis of gastrojejunal ulcer rarely occasions great difficulty There is 
the usual antecedent ulcer history for which a gastro-enterostomy or a partial 
gastrectomy was performed, a few weeks or many years before the onset of 
the present trouble This is described as a recurrence of the epigastric pain 
often so severe m its radiation to the back that morphine is required for its 
alleviation Food usually aggravates the condition, with the result that appe- 
tite becomes less and weight is lost Occasionally, the element of pain, 
especially m the h)^posensitive individual, is overshadowed by the sudden 
occurrence of either a profuse hematemesis or a marked melena While these 
hemorrhages may be alarming, they rarely lead to a fatal issue Acid eructa- 
tions, persistent nausea, and occasional vomiting, especially after the ingestion 
of food are frequent symptoms Vomiting, however, may be a presenting 
and persistent symptom m the presence of stomal obstruction and gastric ileus 
The sudden occurrence of fecal vomiting, foul eructations, and persistent 
diarrhea, with or without antecedent pain, usually heralds the perfoiation of 
a jejunal ulcer into the transverse colon This is a very serious complication 
for, unless the gastrojejunocohc fistula is corrected surgically, death from 
inanition will result quite rapidly 

Occasionally, the onset of terrific abdominal pam associated with nausea, 
vomiting, and the physical findings of shock, board-like rigidity, and general- 
ized tenderness of the abdomen make a diagnosis of a perforated jejunal ulcer 
most likely While a plain roentgenogram of the abdomen will not always 
disclose tbe presence of free air under the diaphragm, an abdominal puncture 
will invariably yield the presence of bile-tinged fluid 

Roentgenographic studies following the ingestion of a barium meal are 
invaluable m confirming the clinical diagnosis These may be of inestimable 
aid m planning a therapeutic course Their interpretation, to be sure, often 
requires unusual skill Tenderness m the region of an irregular stoma while 
the patient is being fluoroscoped, a dilated stomach with retention of barium, 
suggestive of hypomotility or obstruction, the presence of barium patches m 
the jejunum, indicative of ulcer pockets, a stenosis or irregularity of either 
the afferent or efferent loops are helpful m the establishment of a diagnosis 
The passage of a barium meal directly from the stomach outlining the colon 
concretely establishes the presence of a gastrojejunocohc fistula 

Gastroscopic examination with the flexible Schindler instrument has 
proved of considerable value m many of the more obscure cases Areas of 
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cithei actual gabliojejunal ulceialioii oi the presence of scarring about the 
stoma may be distinctly seen In addition to this, the piesence of either an 
acute 01 chionic gastiitis may aid in dxfteientiating the clinical picture 

Fi actional test meals aie of confiimatoiy value because m the majoiity 
of these patients who have a constitutional tendency to develop ulcers the 
total acidity and fiee hydiochloiic acid aie usually high Gastrojejunal ulcei- 
ation 111 the presence of an anacidity is almost unknown A study of the 
blood plasma chloiides and the CO2 combining power aie important, for 
occasionally a seieie alkalosis may be present without clinical manifestations 
The physical examination rarely discloses anything definite except deep 
supra-umbilical tenderness slightly to the left of the median line 

Once a diagnosis has been made of a gastrojejunal ulcer following either 
a gastio-enterostomy or a paitial gastrectomy, any of the accepted medical 
methods of ulcei therapy should be tiied fiist These patients cannot be 
tieated satisfactorily b} ambulatoiy methods Hospitalization with absolute 
bed rest must be insisted upon, if there is aii} possibility of effecting a “medi- 
cal cuie ” If hemoirhage is piesent as a complicating factoi, tieatment eithei 
b} absolute gastric rest and blood tiansfusions 01 by the diet advocated by 
iluelengracht may be tiied In cases of a gastric 01 a high jejunal obstruc- 
tion vith alkalosis, daily lavages of the stomach and the parenteral adminis- 
tration of adequate amounts of saline, glucose, and blood are essential In 
cases of gastiic atony, the return of gastric tone can best be estimated by a 
diminution in the amount of gastiic letention, the elevation of the blood 
chloiides to 1101 mal, and a reduction in the CO2 combining po\\er of the 
plasma 

Many of these patients are undoubtedly healed by medical treatment, if 
not permanently at least temporarily, and many aie improved following a 
course of treatment, thereby becoming bettei iisks foi operation However, 
if medical tieatment after a fan tiial does not give satisfactory relief, or if 
the economic situation of the patient is such that the pattern of life cannot 
be made to conform with the dietary demands involved and with the routine 
of treatment presciibed, 01 if acute obstiuctive complications incident to 
jejunal ulceration aie present, surgery is indicated 

Naturally, if an acute jejunal ulcei perforates into the free peritoneal 
cavity, immediate surgery is requiied, and if the perforation occurs into the 
transverse colon, mteivention is indicated as soon as the physical condition 
of the patient v ill permit 

The surgical management of gastrojejunal ulceration and its complica- 
tions depends mainly upon the pathology piesent at the time of operation, the 
surgical proceduie natuially being adapted to the physical condition of the 
patient With this as a basis, it may be convenient to divide arbitrarily these 
cases into certain groups 

(1) Acute perforated gastrojejunal ulcers 

(2) Resectable gastrojejunal ulceis following gastro-enterostomy 

(3) Massive gastrojejunal ulcers following gastro-enterostomy 
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(4) Cicatuzed gastiojejunal ulceis following gastro-enterostomy 

(5) Resectable gastiojejunal ulceis following paitial gastrectomy 

(6) Gastrojejunal ulcers following radical subtotal gastrectomy 

(7) Gastrojejunocolic fistulae 

(i) Acute Peifoialed Gastiojejunal Ulceis — ^The symptomatology and 
physical findings of this condition are similai to that seen in pei foi ated gasti o- 
duodenal ulcers Once this diagnosis has been established, surgical exploia- 
tion IS indicated immediately A small ulcer in the efferent jejunal loop, 
close to the gastro-enterostomy stoma, which has perforated into the free 
peritoneal cavity is usually found without difficulty A simple closure of the 
perforation was all that was attempted, moie radical surgeiy being left for 
the futuie (Case i) 

Case I — Historj" No 429566 B W , age 54 Admitted Ma> 20, 1940 Died Alay 
30, 1940 

1935 — Posterior gastro-enterostomy for duodenal ulcer 
1938 — Suture of a perforated gastrojejunal ulcer 

1940 — Subtotal gastrectomy, with antecohc Hofmeister terminolateral gastrojejunos- 
tomy and jejunorrhaphy for jejunal ulcer, and Witzel jej unostomy 

In X93S a posterior retrocolic gastro-enterostomy had been performed because of a 
duodenal ulcer He was completely relieved of symptoms following this operative pro- 
cedure until two weeks before admission, when he had a recurrence of epigastric pain 
coming on three or four hours after meals On the morning of admission, September 
t3i 19381 he was suddenly seized with severe generalized abdominal pain which steadily 
increased in severity There was nausea but no vomiting A right inguinal hernia and 
absent testicle had been knowm for mam years Following the attack of pain, the 
inguinal mass became larger than usual, painful, and could not be reduced He tvas 
admitted to the service of Dr A Hyman 

Physical examination revealed an acutely ill, prostrated male The teeth w'ere carious 
The lungs showed diffuse musical rales, heart slightly enlarged Blood pressure 130/90 
Abdomen was generally spastic, more so in the lower quadrants, right greater than left 
There w'as also generalized abdominal tenderness, and rebound There was a tender 
mass in the right inguinal canal which could not be completelj 1 educed Right testicle 
was absent from the scrotal sac No obliteration of liver dulness White count 23,900, 
with 81 per cent polys Hemoglobin 92 per cent Urine negative 

The differential diagnosis lav between torsion of an intra-abdominal testicle or per- 
forated gastrojejunal ulcer Celiotomj was immediatelj performed through a right 
lower quadrant midrectus incision, which exposed the external ring An hemorrhagic, 
inflamed hernial sac w^as visualized The sac was mobilized and opened, revealing large 
quantity of greenish fluid A small testicle wms seen and resected, herniorrhaphy per- 
formed, and then the upper abdomen w'as explored, which disclosed a perforation of a 
gastrojejunal ulcer Repair w'as effected Patient’s postoperative course was remarkably 
good, and he was discharged on the fourteenth postoperative day, April 27, 1938 

He continued to complain of abdominal pain after meals and was readmitted, lilaj 
20, 1940, at which time Rehfuss test meal showed a free acid of 80 and total of 90 units 
Roentgenograms revealed the presence of a jejunal ulcer and a 40 per cent gastric residue 
after three hours He was reexplored, under spinal anesthesia The stomach was dilated 
to two and one-half times its normal size On the anterior wall of the jejunal side of 
the stoma, a penetrating jejunal ulcer, sealed-off by a thickened transverse mesocolon, 
was found A subtotal gastrectomv with an antecohc Hofmeister terminolateral gastro- 
jejunostomv, and an excision of a jejunal ulcer, with a jejunorrhaphj was performed 
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Because of the atonic stomach, a Witzel jejunostomv was clone He developed a bron- 
chopneumonia of both lower lobes Sulfapiridine was given in full doses through the 
jejunostomy, as well as Type III antipneuinococcus serum He died three days after 
operation P M No 70865 Confluent bronchopneumonia 

(2) Resectable Cost) ojcjnnal Ulcers FoUoimng Gasti o-entei ostomy — An 
adequate pi eopei alive piepaiation of these patients, as well as all groups 
suflEeimg fiom this disease is most essential Caieful attention was paid to 
the 01 al hygiene The diet was adequate in its piotem and vitamin content 
Sufficient fluids weie given b) mouth, supplemented if necessaiy by the 
pai enteral administiation of saline, glucose, and blood If gastiic letention 
was not pi esent, the stomach was lavaged only once, 1 c , six houi s before 
opei all on 

Tbeie appeals to be no ideal anesthesia because, legaidless of the method, 
the incidence of pulmonaiy complications is unfoitunately extiemely high, 
and often the cause of death Oui best lesnlts seemed to have been obtained 
with spinal anesthesia with Jones’ solution, combined vith pentothal mtra- 
venousl} In cases which v ei e unusually pooi 1 isks, a field block of the upper 
abdominal wall with no^ocaln was supplemented by either cyclopropane or 
ethylene anesthesia 

Past experiences vith the suigeiy of gastiojejunal ulceis have taught us 
that if bettei and moie satisfactoiy follow-up lesults aie to be expected, 
certain opeiative pioceduies must be discaided Excision of tbe maiginal 
and jejunal ulceis with some type of plastic repaii, anothei gastro-enteros- 
tomy in addition to the existing one, and sepaiation of the old gastio-entei os- 
tomy with the foimation of a new one, aie of little peimanent value in the 
presence of active ulceiation Undei ceitain ciicumstances, these palliative 
procedures may prove useful until the condition of the patient improves suffi- 
ciently to tolerate moie ladical surgeiy Simple sepaiation of the gastro- 
enterostomy stoma and the excision of the jejunal nlcei as a definitive pro- 
cedure in the tieatment of gastrojejunal ulceiation is ultimately unsatisfactory 
m most instances It is invariably followed by a leactivation of the duodenal 
ulcer, or possibly a gastric ulcer, with a lecurrence of all the previous symp- 
toms (Case 2) 

Case 2 — History No 453891 A B , age 38 Admitted March 18, 1940 Discharged 
March 31, 1940 

1920 — Gastro-entei ostomy for duodenal ulcer 

1940 — Disconnection of gastro-enterostomy, gastrorrhaphv, and jejunorrhaphy for 
jejunal ulcer 

1940 — Subtotal gastrectomy with Hofmeister termmolateral gastrojejunostomy (ante- 
colic) for duodenal ulcer 

This IS the fourth admission of a male who had had a gastro-enterostomy performed 
m 1920 for a duodenal ulcer He remained well until 1934, when he developed upper 
abdominal pain, and the following year roentgenography revealed a marginal ulcer 
He was relieved by medical therapy until 1939, when the pain lecurred, this time accom- 
panied by bleeding Since then, he has had epigastric pain intermittently A gastro- 
intestinal series taken in August, 1939, and m Januarj, 1940, revealed an incomplete 
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obstruction and an ulcer m the distal jejunal loop, about two inches from the stoma 
There was a small three-hour retention 

Physical examination revealed an obese but well-developed male Blood pressure 
126/60 There was tenderness in the right upper quadrant and epigastrium, and scars 
of previous operations for bilateral inguinal herniae, and of the previous gastro-enteros- 
tomy Hemoglobin 96 per cent There was a gastric retention of 100 cc The Rehfuss 
test meal showed a 44 free acid, and total of 52 units The fasting contents contained 
a free acidity of 10, and total of 40 units Blood urea 12 mg , blood sugar 116 mg , plasma 
chlorides 620 mg , carbon dioxide 48 vol per cent The blood Wassermann was negative 
The urine was negative 

Exploration was performed, under avertm and ethylene anesthesia, March 21, 1940, 
through a median epigastric incision The stomach and duodenum were found adherent 
to the previous right epigastric incision The gastro-enterostomy stoma was markedly 
narrowed, evidently from previous ulceration There was definite constriction of the 
efferent loops with marked dilatation of the afferent The region of the duodenum was 
friable and showed signs of old healed ulceration The gastro-enterostomy was discon- 
nected A gastrorrhaphy was performed The jejunal ulcer was excised and a transverse 
jejunorrhaphy was done Because the condition of the patient was not entirely satis- 
factory at this stage, no further surgery was attempted 

The postoperative course was satisfactory He was discharged on the tenth daj after 
operation 

Patient was well for about two months after his operation, and then developed a 
recrudescence of the symptoms resembling his previous duodenal ulcer A Rehfuss test 
meal showed a free hydrochloric acid of 40, and a total of 70 units 

He was readmitted in June, 1940, at which time a subtotal gastrectomy of the 
Hofmeister type, with a tei mmolateral gastrojejunostomy was performed for chronic 
gastric ulcer Following this he made an uneventful recovery 

When last seen, January 8, 1941, he had no further complaints 

Therefore, in the surgical treatment of gastrojejunal ulcei an attempt 
should be made to insuie the patient, if at all possible, against subsequent 
ulceration in the stomach, duodenum, or jejunum Ulcei ation in these areas 
IS not apt to occur in the presence of an anacidity Anacidity, or loiv acid 
values, aie most frequentl)'- obtained by an excision of the acid stimulating 
pylorus and antium, and as much of the acid secieting fundic portion of the 
stomach as possible The resection of the diseased area involved in the gastro- 
jejunal ulcei ation, supplemented by a radical subtotal gastiectomy of the 
Billroth Il-type theoretically, and at piesent, best fulfills this requirement 

The performance of a pi imai y subtotal gastrectomy is not an easy technical 
procedure at best, but in the piesence of a gastiojejunal ulcei ation, it is 
fraught with innumerable additional dangers — hazaids which can only be 
partially eliminated with increased experience and paiticular attention to 
surgical minutiae The opei ation should be so planned that it may be success- 
fully terminated at certain stages should the physical condition of the patient 
not warrant its completion (Case 2) For this reason we have divided the 
opei ation into two mam paits I The separation of the gastro-enterostomy 
II Subtotal gastrectomy 

I Separation of the gastro-entei ic anastomosis, followed bj^ 

(a) Gastrorrhaphy 
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(b) Excision of the jejunal ulcer with restoiation of jejunal contin- 
uity hy 

(1) Jejunoirhaphy 

(2) End-to-end jejunojejunostoiny 

(3) End-to-side jejunojejiinostoni)'^ 

(4) Side-to-side jejunojejunostoiny 

2 Subtotal gastiectomy of the Hofmeister-type with terminolateral gastio- 
jejunostoiny eithei anterior or posterioi to the tiansverse colon 
I Sepmahon of the Gasti o-entenc Anastomosis — (a) In ordei to identify 
the letrocohc posterioi gasti o-enterostom}' (which was the most common 
type of previous proceduie) the greater omentum was completely freed from 
the adhesions which mvaridhly bound it to the previous abdominal incision 
and othei mtra-ahdominal viscera Following this, it was possible to bring 
the tiansverse colon and its mesenteiy upward and forward, theieby exposing 
the jejunal portion of the stoma Then, the field of operation was carefully 
walled-off and protected hy hot moist pads The dense adhesions m this 
area weie carefully divided hy knife dissection, liberating the afferent and 
effeient jejunal loops The anteiioi margin of the adherent tiansverse colon 
was dissected fiee, exposing the gasti ic side of the stoma (Plate i B) Fre- 
quently while libeiatmg the anterioi pait of the anastomosis, areas of acute 
ulceration were entered, with the escape of intestinal content If perforation 
did occur, it was tempoiarily closed by sutuies At this point, we usually 
found it advisable to entei the lessei omental sac by hoiizontally dividing the 
gastrocolic omentum 111 the region of the stoma The anastomosis was then 
more easily mobilized laterally, and posteriorly from its attachment to the 
transveise mesocolon, great care being taken to pieserve the mtegiity of the 
middle colic vessels If ulceration was piesent m this location, the resulting 
edema and induiation often caused a thickening of the transveise mesocolon 
with marked distortion of the 1101 mal anatomy Once the anastomosis was 
freed complete!)^, it could he easily delivered through the lessei omental sac, 
provided the afferent jejunal loop was sufficiently long (Plate i C) If this 
loop was short, the anastomosis rvas drawn downwaid below the tiansverse 
mesocolon so that it could be adequately controlled during its sepaiation 
The stomach was then carefully sepaiated from the jejunum, “spilling” 
being avoided eithei by the application of a cuived rubber clamp to the bowel 
or the judicious use of suction (Plate i D) The gasti ic opening was imme- 
diately closed with a Connell inversion sutuie of chromic catgut reenforced 
with a continuous Lembert-Pagenstechei suture (Plate i E) This step, if a 
gastiectomy was to be subsequently perfoimed, may appear unnecessary to 
some, but it is an added piecaution 111 the maintenance of peritoneal asepsis 
(h) Excision of the jejunal ulcer and lestoration of jejunal continuity 
The disconnected loop of open jejunum was then carefully inspected If the 
ulcer was small, the lesion was excised locally, and m many instances the 
entire mesenteric bolder of jejunum was left undisturbed In cases such as 
these, a transverse jejunoirhaphy restored the lumen of the bowel (Plate i 
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E) Ho'wever, paitial jejunectomy became necessary when the ulceration 
eithei involved the ciicumfeience of the bowel oi penetiated into its mesenteiy 
Extensive scaiiing with stenosis of the bowel occasionally called foi an intes- 
tinal lesection 

Jejunojejunostom}'’, similai to intestinal anastomosis, is beset with two 
great dangeis leakage and obstiuction at the site of the anastomosis Leak- 
age may be pi evented by the caieful pieseivation of the blood supply to the 
bowel and the accurate smgical appi oximation of its walls Obstiuction may 
be paitially eliminated by selecting that type of anastomosis which will insuie 
an adequate lumen, theieby eliminating the possibilities of obstruction with 
the seiious sequelae of back piessuie on the duodenal and jejunal siituie 
lines An end-to-end anastomosis was the most fiequently used piocedure 
Occasional!}’’, in the piesence of a letiocohc, no-loop, posteiioi gastiojej unos- 
tomy, ceitain technical details made this type of jejunal restoiation impiac- 
tical The pioximity of the anastomosis to the ligament of Tieitz, and the 
duodenojejunal angle, inci eased the hazaids of an end-to-end sutuie Undei 
these cii cumstances, we have implanted the open end of pioximal jejunum 
into the side of the distal jejunum (Case 3) In othei cases, wdien a maiked 
dispaiity existed 111 the diametei of the afteient and efteient jejunum, a side- 
to-side anastomosis w’as peifoimed (Case 6) 

A ceitain amount of local edema is apt to follow any type of intestinal 
anastomosis Some surgeons have advocated the intioduction of eithei a 
Levin tube or its modification thiough the new gastiojej unostomy and via 
the jejunojejunostomy to the legion of the duodenal stump, in oidei to reduce 
the accumulation of gas and fluid in this blind end Theoretically, this may 
be a good suggestion, but, pi actically, w’e have found it difficult, and at times 
impossible, to thiead effectively a Levin tube along this devious channel and 
maintain stiict asepsis 

Occasionally, follow’ing the sepaiation of the gastiojejunal anastomosis 
and closure of the gastiic defect and the restoration of jejunal continuity, the 
physical condition of the patient did not safely permit further surgery The 
operation was then terminated successfully at this point, after the closure of 
the rent in the transverse mesocolon and the gastrocolic omentum (Case 2) 
However, m the average case, it was usually possible to proceed with the 
subtotal gastrectomy 

II Subtotal Cast) ectomy — This part of the oj:)eration larely presented un- 
usual difficulty The technic which was followed was essentially that w’’hich 
has been previously described by Di A A Beig^ The stomach w'as usually 
transected at a point well proximal to the reentrant angle, and high on the 
greater curvature The resection must be radical, subtotal in its extent, any 
lesser resection, we feel, is to be condemned While it is undoubtedly impor- 
tant to measui e the gasti ic segment wdiich has been resected, it is more impor- 
tant to leave as little of the stomach as is consistent with safety Inasmuch 
as the previous gastro-entei ostomy has usually healed the duodenal ulcer, the 
excision of the ulcer -bearing area, and closure of the distal duodenum were 
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usually quite simple The duodenal stump was legularly diained with rubber 
dam, which was brought out thiough a right subcostal stab wound There 
were no cases m which any postopeiative complications could be ascribed to 
the drainage However, there were a few m which a small duodenal lealv 
was effectively drained externally, theieby preventing the hazards of a gen- 
eralized peritonitis 

Gastro-intestinal continuity was restored by the Hofmeister modification 
of the Billroth Il-type of procedure, with a tei minolateral gastrojejunostomy 
Whether this anastomosis was made either anteiior or posterioi to the colon 
seemed to be of little importance No difficulties have been noted either in 
the immediate postoperative course or m the follow-up observations of either 
type of anastomosis We aie at piesent employing the anterior type more, 
because if further gastrojejunal ulceration should develop, the technical 
difficulties of any subsequent surgery are definitely lessened (Plate l F) 

The abdominal incision, usuall)’- a median epigastric one, was closed with 
interiupted, through-and-through heavy silk sutures This type of closure 
has been employed for many yeai s, and has proved to be an excellent prophy- 
lactic measure against wound dehiscence and evisceration 

Following the return to the wards, the Levin tube, which was mtioduced 
intianasally into the stomach at the time of operation, ^\as aspirated every 
two hours Parenteral fluids, which were administeied throughout the 
opeiation, were continued, supplemented by blood transfusions if necessary 
Fluids were allowed by mouth aftei 24 houis Intravenous saline and the 
Levin tube were discontinued when sufficient quantities of fluid were taken 
by mouth, and weie retained 

(3) Massive Gasti ojejuiial Ulceis Folloivmg Gasti o-entei ostomy — 
There were certain types of gasti ojejunal ulcers in which persistent vomiting, 
lesulting in alkalosis, was a prominent symptom After the adequate pre- 
operative pieparation already referied to, exploration was performed Often 
an active penetrating ulceiation was found which caused an extensive pro- 
ductive inflammatory leaction m the neighboihood of the anastomosis, result- 
ing, occasionally, in either an acute or subacute obstiuction in the region of 
the stoma Any radical suigery entailing extensive dissection m this acutely 
infected, friable, and edematous tissue would probably have caused a rapid 
spread of a fatal peiitonitis In conditions such as this, we have been ultra- 
conservative A Witzel jej unostomy was pei formed foi alimentation and 
as a palliative proceduie (Case 3) Jejunal feedings of propei content and 
sufficient caloric requirement usually caused a definite physical impiovement 
in these patients Gastric digestion was practically eliminated, giving the 
stomach a certain amount of physiologic rest In the interim, a period of 
four to 12 veeks, the marked inflammatory reaction which was previously 
present about the area of ulceration either subsided, or the ulcers were 
healed completely, so that at the time of reexploration, a pieviously inoper- 
able condition became operable A subtotal gastrectomy could be performed 
nov vithout undue risk Many surgeons have condemned jejunostomy 
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because it may lesult m leakage with a fatal pentonitis, and occasionally in 
acute intestinal obstruction If a jejunostomy is piopeily performed there 
should be no dangei fiom eithei of these two complications It is impoitant, 
however, that the jejunostomy be peifoimed at least i 8 to 22 inches from 
the duodenal angle and that the enterostomy tube be brought out through a 
left subcostal stab wound These piecautions ebmmated any interference 
uitli a subsequent subtotal gastiectomy Following this operation the jeju- 
nostoin) tube ma} be lenioved as soon as gastric alimentation is restored 

Case 3 — History No 432385 L K , age 55 Admitted November 29, 1938 Dis- 
charged April 2, 1939 

1915 — Suture of a perforated gastric ulcer, with posterior retrocohe gastro-enteros- 
tonn ( Januar\ ) 

1915 — Excision of a duodenal iilcei, with pulse-string occlusion of the p3lorus 
(August) 

1916 — Exploratorj celiotonii for high intestinal obstruction, due to multiple adhesions 

1938 — JejunostomA for alimentation, because of pjlortc stenosis, Avith occlusion of 

the gastro-enterostoiiiA stoma Ija massuc jejunal ulceration ( December 1 



Case 3 — Roentgenogram demonstrating massive jejunal ulceration with penetration 


1939— Subtotal gastrectomj, Avith posterior retrocohe termmolateral gastro-enteros- 
tomy of the Hofmeister type, and partial jejunectomy, Avith end-to-side jejunojej unostomy 
for healed gastrojejunal ulcer (March) 

This IS the first admission of a male, age 55, Avho for the past 24 years has had 
ulcer symptoms In 1914, an appendicectomy was performed for chronic appendicitis 
In January, 1915, he perforated a gastric ulcer and at that time, in addition to a suture 
of the ulcer, a posterior retrocohe gastro-enterostomy Avas performed In August, 1915, 
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he was reexplored because of persistent ulcer s>mptoms and at that time a small ulcer 
on the anterior wall was excised and a purse-string occlusion of the pylorus was per- 
formed In 1916, he was again operated upon because of high intestinal obstruction, due 
to multiple adhesions He was then well until about three months before admission, 
when he began to have recurrence of his ulcer pain, and two weeks before admission 
there was persistent nausea, vomiting, and severe abdominal cramps 

Physical examination disclosed a man, cadaverous in appearance, in marked distress, 
complaining of severe cramp-like abdominal pain Teeth were in poor condition and 
there was marked pyorrhea Abdomen was soft There was acute epigastric tenderness 




Pcr^orafcd gastric 
ulcer excised 



Pylorus occluded 


Duodenal 

ulcer 

excised 


Post rctrocolic 
qastroenterostomy 
July 1915 



Operated for 
large intestinal 
obstruction 
1916 



The scars in his left upper quadrant and upper midabdomcn, and lower right quadrant 
weie well healed Hemoglobin 75 per cent Blood pressure 105/70 Blood urea 25 mg , 
blood chlorides 505 mg , CO 71 vol per cent Total blood proteins 56 Blood Wasser- 
mann was negative Urine examinations \iere negative, and the stools were four plus 
guaiac A Rehfuss test meal showed free acid of 55 units and total aciditv of 75, and 
blood was present A gastro-intestinal series showed marked pjloric stenosis and a very 
narrow and deformed gastro-enterostomy stoma, with a definite pocket in the jejunum 
just distal to the stoma There was marked residue after six hours Gastroscopy revealed 
that the gastro-entenc stoma was patent, and there was a marked atrophic and marked 
localized hjpertrophic gastritis LaVage of his stomach on several occasions revealed 
retention of 1,000 to 3,000 cc Because of the persistence of his vomiting, the marked 
retention, the intractable pain, and the fact that he was losing ground, surgical explora- 
tion was performed, December 7, 1938, under local anesthesia and ethjlene The stomach 
and transverse colon were dissected from the anterior abdominal wall and from the under- 
surface of the liver A lesion about the size of a large nalnut was found in the region 
of the gastro-enterostomj stoma, evidently due to a posterior jejunal ulcer Because of 
the marked inflammatorj reaction vhich -was present and poor surgical condition of the 
patient, a Witzel tjpe of jejunostom> for jejunal alimentation was performed about 18 
inches from the gastro-entenc stoma, and the tube was brought out through a left 
subcostal stab incision 

The patient did not do well immediately after operation because of severe infection 

554 



■Volume 114 
Numtierl 


GAS i ROJEJUNAL GLCERAT ION 


of the anterior abdominal wall, and in .iddition to his jejunal feedings of Seott-lvj 
pabulum he was given suppoitivc treatnienl of blood transfusions and glucose intra- 
venously Following lost and gastiic lav.igc, the retention giadually diiiiniished Ciastios- 
copj at this tunc showed a slight iniiirovcnicnt, inasmuch as there w>as less mflanimatory 
reaction about the stoma A gastio-mtcstinal senes at this tune showed that the jejunal 
ulcer which had been previously noted was dcrmitely smaller and, although theie was 
still more than 50 per cent residue at the end of si\ horns, nnicli barium was seen to pass 
through the pvlorus 

His general condition impioved sufiieicntly so that about three months after the 
preliminary jejunostomy he was recxplored, Maich 8, 1939 The stomaeli was again 
found adherent to the anterior abdominal wall, as well as the omentum 1 he duodeniini 
was adherent to the under suiface of the liver ] he stomach was dilated to two and one- 
half times normal si7e, and its walls were maiKcdly atrojihic About one-half inch distal 
to the pvlorus, there was a marked stenosis of the duodenum, evidently the site of the 
pieviouslj cxeiscd ulcer In the legion of the gastro-cntei ostomy stoma, the afferent 
loop was espeeially short and dilated, and at a point sligiitiy distal to the stoma tiiere 
was a definite stenosis, almost leading to a complete oeelusion of the effeienl loop About 
SIX inches faithcr along, there was a kinking of the jejunum The marked inflammatory 
reaction which had been noted at the pievioiis exploration had completely disappeared 
There was no evidence of an active jejunal uleci All that remained was a scar almost 
occluding the eflferent jejunal loop A subtotal gastrectomy, with Hofineistei terinino- 
lateral retrocohe gastrojejunostomv was peifoiined foi a healed duodenal ulcer, and a 
partial jejunectoiin, with an cnd-to-sidc jejunojejunostomv, was pcrfoimed for a healed 
jejunal ulcer of the cfTcient loop 

Ihe postoperative course was fairlv smooth, the only complication being a mild 
wound infection Jejunostomv was maintained foi feeding jiiirposes until the patient 
could take adequate diet bv mouth, and the entei ostomy tube was lemovcd ii days after 
operation He has been unusually well, and has gamed almost 40 pounds lie has had 
no symptoms referable to his gastro-intestmal tiaet when last seen, April 10, 1940 

(4) Tjcaimcni of Ctco/nccd Sloinol and Jejunal Ulcci ^ Following 
Gaiii o~entei osioniy — This gioup usiwlly was in urgent need of surgery 
These were the patients who weie not suffenng solely fiom the effects of 
acute ulceration, hut lathei fiom the effects of gastnc obstuiction incidental 
to the cicatiicial eonti action of mdiginal and cffeient jejunal ulcers These 
patients, as a rule, weie so dehydiated and debilitated by long periods of 
intei mittent vomiting that even if the chemical imbalances weie adequately 
corrected, the shock of any extensive surgeiy would have terminated disas- 
trously In this group, eithei some simple coirective measure aimed to 
relieve the obstiuction, 01 a jejunostomy for alimentation was performed m 
Older to temporarily lelieve the patient until an improved physical condition 
would permit moie ladical suigeiy, should it be deemed necessary If, at the 
tune of exploiation, the pylorus was patent and the extensive scairmg of 
pievious jejunal ulceration had produced a stenosis of eithei the stoma or the 
efferent jejunal loop, a piopeily placed entei o-entei ostomy appealed to be 
all that was necessary to relieve the symptoms The physical condition of 
the patient improved following this simple proceduie If active jejunal 
ulceration should recut subsequently, ladical surgery could be undertaken 
then under moie auspicious cii cumstances (Case 4) 
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Case 4 — History No 439460 W E, age 60 Admitted May 12, 1939 Discharged 
June 25, 1939 

1919 — Posterior retrocolic gastro-enterostomy for bleeding duodenal ulcer 
1923 — Appendicectomy for chronic appendicitis 

1939 — ^Jejunojej unostomy for obstruction of distal jejunal loops, due to jejunal ulcer 



Case 4 — Roentgenogram shosMng obstruction of efferent jejunum, with marked 
dilatation of stomach, duodenum and afferent jejunum 


This IS the first admission of a patient who, since age i6, has had multiple episodes 
of epigastric pain -which ^\ere usually followed by hematemesis and black stools These 
occurred at intervals of six to eight months Twenty years ago, he had had a posterior 
gastro-enterostomy for duodenal ulcer Four years later, after a severe hemorrhage, he 
had another celiotomy, at which time a diseased appendix was supposed to have been 
removed Three years before this admission he was treated at another hospital for 
massive hemorrhages Four months before the present admission he began to complain 
of se\ere epigastric pain radiating to the right upper quadrant, nausea, and vomiting 
The lomitus consisted of the food ingested from previous meals Five weeks before 
admission he had a severe hemorrhage 

Phvsical examination disclosed a rather pale and chronically ill male There was 
moderate peripheral sclerosis Blood pressure 140/80 There was tenderness and pressure 
in the epigastrium and a well-healed upper right rectus scar extending from the ensiform 
to below the umbilicus Hemoglobin 67 per cent R B C 3 goo 000 W B C 3 000 
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with normal differential Sedimentation time one hour, four minutes Urine Specific 
graMh 1036, faint trace of albumin, occasional hj aline casts Blood urea ii mg, blood 
sugar 100 mg , blood chlorides 620 mg , the CO: combining powei 75 vol per cent 
Icteric index 6, total blood proteins 57 mg The Rehfuss test meal free acid 35 units, 
total aciditc of 48 Electrocardiogram showed slight depression of the RT transition 
in leads II and III 

A gastro-intestinal senes showed a gastro-enterostomy The barium which w'as 
ingested almost all passed to the proximal loop, causing the duodenum to become markedly 
dilated The duodenal bulb was markedh deformed The first one and one-half inches 
of distal jejunum was markcdlj nai rowed, and showed the presence of a small ulcer 
pocket At the end of six liours there was a 20 per cent residue 

The gastric retention was treated conser\ativeiv wuth lavage, and intravenous fluids 
were administered hbcralh Retention was markedlj diminished, and after tw'o trans- 
fusions, hemoglobin was elc\ated to 80 per cent 

On Mac 7, 1039, an cxplorator\ cehotonn w'as performed, under local field-block 
and ethjlene There were innumerable adhesions from the omentum to the anterioi 
abdominal wall The stomach in the region of the pvlorus and duodenum w'as adherent 
to the under surface of the Iner b\ fine, dense adhesions, which were freed There was 


t^439460 


Posterior 

qastroentcrosromy 
■for duodenal ulcer 

1918 



Csst 4 — Schematic re\icw of operatise procedures 


no evidence of any active duodenal ulcer On turning the transverse colon upw'ard, 
adhesions were found completely occluding the afferent and efferent loops leading to the 
gastro-enterostomy Upon freeing these, the stoma w'as exposed On the anterior wall 
of the jejunum, occupjing mainly the efferent loop, was a definite, acutely inflamed, 
jejunal ulcer w'hich almost completely occluded the lumen, causing dilatation of the 
afferent loop to about four times normal size Bejmnd the area of ulceration, the efferent 
loop appeared normal A side-to-side jejunojej unostomy w’as performed betw'een the 
dilated afferent and the small efferent loop, and about ten inches from this anastomosis 
a tjpical Witzel jej unostomy w’as performed for jejunal alimentation 

Following operation, gastric retention and alkalosis receded within three weeks He 
had slight pitting edema of the ankles, at w'hich tune blood chlorides W'ere about 610 mg 
Parenteral saline w'as stopped at this point, and the edema disappeared, and blood 
chlorides fell to about 540 mg 

One month after operation, a gastro-intestinal senes show'ed much less distention of 
the proximal loop of the jejunum and duodenum The first one and one-half inches of 
the distal loop w’as constricted but no ulcer pocket w’as visible There w^as no gastric 
retention He w'as discharged asymptomatic on a Muelengracht diet, w'lthout any pain 
He was subsequently readmitted, August 8, 1939, and discharged on September 10, 
I939> because of tarry stools Followung the operation he did well and gained 35 pounds 
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During the ti\o months he was at home, he followed a strict diet and gained m weight 
He experienced an episode of dizziness, hematemesis and melena on admission He was 
well-developed and well-noiinshed , rather pale Blood pressure 120/80, pulse 96 Hemo- 
globin 62 per cent, R B C 4,400,000 W B C 14,000 with a normal differential Stools 
were guaiac positive Urea 46 Urine was negative Total protein 6 1 Hemoglobin 
dropped to 52 per cent, then to 42 per cent m the next few dajs, and he continued to 
have positive stools Stools became guaiac negative on the thirteenth day, and the hemo- 
globin began to rise following four transfusions He was placed on a Muelengracht diet 
while he was m the hospital Surgerj was not advised at this time 

When last seen, Januarv 22, 1941, he had gained 46 pounds since operation, and 
looked amazingl3 well He had no complaints 

Theie were instances in which the gastro-entenc anastomosis had become 
almost completely obliterated by extensive scan mg, and, as a lesiilt, a new 
tilcei appealed tvith reflex pyloiospasm In this type of case in which the 
condition of the patient was pooi, the jeyunum tvas easily separated from 
the stomach and its continuity was lapidly lepaiied, and a new gastro- 
enterostomy w^as perfoimed This appeared to be effectrve (Case 5) If, 
in addition eithei to the gastrojejunal obstiuction, a pyloric spasm or a 
duodenal stenosis was piesent, the problem ot a marked gastric dilatation 
complicated the picture An adynamic gastnc ileus as a postopei ative com- 
plication is most seiious The constant letiogiade drainage of duodenal 
contents into a dilated gastnc pouch, often for w'eeks, is bound to result in 
marked intestinal distui bailees and alkalosis Under these circumstances, 
the operation of gastro-entei ostomy W'as supplemented by a Witzel jejunos- 
tomy for alimentation Many surgeons m piefeience to ]ej unostomy, intro- 
duce a twm-w'ay tube at the time of gasti o-entei ostomy thiough the stoma 
into the efferent jejunum so that one part drams the stomach wdiile the 
other part may be used foi alimentation Undei oidmary circumstances, 
this tube IS of undoubted value, but m conditions such as these described it 
possesses certain disadvantages The tube, wdiich often must be maintained 
in place for many weeks, may eithei become displaced or inadvertently 
removed quite early in the postopei ative course Occasionally^ a decubitus 
ulcer of the larynx may result from its prolonged pressure This complica- 
tion is most unfortunate because it may result m either an edema of the 
glottis or a neciosis of the aiyffenoid cartilages To avoid these various 
hazards and to assure alimentation dm mg this critical period, w^e piefer a 
jejunostomy 

Case 5 — History Ro 414414 A I , age 57 Admitted October i, 1937 Discharged 
November 2, 1937 

1931 — Anterior gastro-eiiterostomv for duodenal ulcer 

1937 — Disconnection of anterior gastro-enterostomv for healed jejunal ulcer, and 
posterior retrocolic gastro-enterostomv for gastric ulcer, with pvlorospasm 

This patient has bad abdominal pain since 1917 In 1931, he was operated upon for 
a duodenal ulcer The extensive adhesions about the pvlorus and duodenum prevented a 
radical operation, so that an anterior gastro-enterostomv was performed He remained 
perfectlv well until six months before admission, when he complained of epigastric pain 
and vomiting He had a definite gastric retention at that time, which subsided following 
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daily lavages One month before the second admission, the pain recurred, and for the 
past week he vomited after everv meal He lost about eight pounds 

Phvsical examination revealed a verj anemic and emaciated individual There was 
a scar of a previous median incision Peristaltic waves were present in the left upper 
quadrant, passing laterally to\\ard the center of the abdomen Hemoglobin 45 per cent 
Blood urea 20 mg , blood chlorides 500 mg , carbon dioxide 62 vol per cent The gastro- 
intestinal series revealed a penetrating ulcer on the lesser curvature of the stomach, 
without marked pyloric obstruction There was, however, an 80 per cent six-hour residue 
There was no evidence of a patent gastro-enterostomy, but evidence of a jejunal ulcer 
The Rehfuss test meal showed a free hydrochloric acid of 46 units 

Preoperativelv, the patient was lavaged twice a daj He improved so markedly 
that his complaints almost subsided, and the residue dropped to zero 

On October 25, 1937, he was explored, under avertm and ethylene anesthesia The 
stomach was fish-hook m appearance and was dilated to three times normal size The 
stoma of the anterior gastro-enterostoinj was contracted, and the site of a healed 
marginal ulcer Below tins, there was evidence of a previous entero-enterostomv The 
previous gastro-entei ostomy was separated without difficulty The gastric opening was 
sutured The jejunal orifice was used in the perfoimance of a typical retrocohe gastro- 



Case s — Roentgenognm illustrating an almost complete obstruction of the 

gastro enteric stoma 


enterostomy The patient did perfectly well and, with the aid of three transfusions, had 
a normal convalescence He was discharged on the thirteenth day 

Patient has been seen repeatedlj, and when last seen, October 23, 1940, he weighed 
IS9 pounds, and looked quite well He had no specific complaints, and no vomiting 

(5) Treatment of Resectable Gastio]epinal Ulceis Follozumg Partial 
Gash ectomy — In the majority, the lecurrent ulceration may be ascribed m 
part to the persistence of free hydiochloiic acid, due most likely to an inade- 
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quate removal of the antrum, which was pei formed either purposefully or 
inadvertently Some surgeons practice a minimum partial gastrectomy as 
a matter of choice , others in the com se of a Schmilinsky procedure ( Case 6) 


Dilated stomach 



Case $ — Schematic rcMew of operati\e procedures 


Case 6 — History No 453947 A A , age 53 Admitted March 19, 1939 Discharged 
^pril 28, 1939 

1934 — Retrocolic posterior gastro-enterostomy for duodenal ulcer 

193s — Schmilinsky operation for gastrojejunal ulcer 

1939 — Secondary radical subtotal gastrectomy, with antecolic termmolateral gastro- 
enterostomy and partial jejunectomy, with side-to-side jejunojej unostomy for multiple 
jejunal ulcers 

This is the first admission of a male, age 53, who was well until 13 vears ago, when 
he developed preprandial pain, relieved by alkalies Four years ago, a posterior retro- 
colic gastro-enterostomy was performed because of pain He was improved after opera- 
tion but noticed that, occasionally, the stools were tarry One and one-half years ago 
he began to have episodes of epigastric pam accompanied bv hematemesis At this time, 
a diagnosis of gastrojejunal ulcer was made, and the Schmilinsky type of gastric and 
jejunal resection was performed Following the operation, he bled profusely from the 
stomach, but this sjmptom gradually subsided until five months ago when severe epi- 
gastric pain recurred During the month prior to admission he noted tarry stools 

Physical examination disclosed the fact that he was a well-developed, emaciated 
male, complaining of epigastric pain There were two well-healed parallel scars in the 
right upper quadrant of the abdomen Blood pressure 110/74, hemoglobin 75 per cent, 
blood chlorides 595 mg , CO. 61 vol per cent Rehfuss test meal revealed a free acid 
of 90 units, total of no Stools were guaiac positive A gastro-intestmal series showed 
a stomach upon which a partial resection had been performed In the afferent jejunum, 
there was a constriction about one and one-half inches from the stoma, which was 
irregular In the efferent loop, there was evidence of a penetrating jejunal ulcer There 
was a delaj in gastric emptjing 

The patient was at first treated medicallj In spite of almost constant milk drip, 
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pain became so severe that operation was advised, and he svas prepared with adequate 
doses of vitamins and desoxj corticosterone On Apiil 8, 1940, he was explored, under 
novocain field-block and cyclopropane anesthesia There were omental adhesions to the 
anterior abdominal wall, and the resected stomach was bound to the under surface of the 
hver It was normal in size A healed jejunal ulcer was found at the jejunal site of 
the afferent loop as it entered the stomach and about one and one-half inches from this 
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C\SE 6 — RoentgenogrTm showing Schmilinslvv procedure, with 
ulcer of nffcrent 'ind efferent jejunal loops 


area was a slight constriction A penetrating jejunal ulcer sealed-off by the tiansverse 
mesocolon was found in the efferent loop Accordingly, both the jejunal loops were 
dissected free from the stomach A partial resection of the jejunum which contained 
the ulcers was then performed, and the free openings were closed Jejunal continuity 
was restored by a side-to-side jejunojej unostomy A subtotal gastrectomy was then 
performed, removing 6 cm of the lesser curvature and ii cm of the greater curvature, 
and an antecolic terminolateral gastiojej unostomy of the Hofmeister type was performed 
Following the operation the patient did well, but his hemoglobin fell to 40 per cent, for 
uhich he received transfusions The remainder of his course was complicated by a 
persistent gastric retention, which was treated by daily lavages and finally subsided 
Wound healed and patient’s symptoms were relieved He was discharged on the seven- 
teenth day 

When last seen, July 24, 1940, he had gained 50 pounds in weight He was cautioned 
about the incessant use of tobacco 

In some of the reem rent cases in which a partial gastric resection followed 
a previous gastro-enterostomy, the surgeon left the previous gastro-enteros- 
tomy undisturbed, and simply removed that portion of the stomach which was 
distal to it As a result a minimum resection was done (Case 7) 
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111 all these cases m which a laige gastiic segment lemams after a 
previous partial gastrectomy, the secondary gastrectomy must be more radical, 
provided that the gastrojejunal ulceration which is piesent is not so extensive 



Case 6 — Schenntic re\ lew of openti\ e procedures 


as to make the condition inopeiable If this condition existed, a piehminary 
jejunostomy was pei formed The lationale of this procedure has been previ- 
ously discussed 

Case 7 — History No 423778 S I , age 48 Admitted l^Ia> 25, 1938 Discharged 
June 7. 1938 

1921 — Excision of a duodenal ulcer, followed b\ gastro-enterostoinj for p^lorlc 
obstruction 

1935 — Partial gastrectomy, iMth preservation of old posterior retrocohe gastro- 
enterostomy for bleeding duodenal ulcer 

1938 — Subtotal gastrectomy, with antecolic anterior Murphj button gastrojejunos- 
tomy, and entero-enterostomv for gastrojejunal ulcer 

This patient had had an excision of a duodenal ulcer m 1921, followed three weeks 
later by a pyloric obstruction, for which a posterior retrocolic gastro-enterostomy was 
performed In 1935, following three episodes of melena, which were thought to be due 
to gastrojejunal ulcer, he was explored, and it was the operator’s impression at that 
time that the cause of the hemorrhage was a bleeding duodenal ulcer Accordingly, a 
partial gastrectomy was performed, leaving the old gastro-enterostomy intact Since 
the last operation, he has had innumerable severe attacks of bleeding, all of which were 
treated symptomatically on previous hospital admissions On the da> before his present 
entrance to the hospital, he developed mild abdominal cramps followed by the passage 
of tarry stools and some bright red blood 

Physical examination revealed a pale individual, with some epigastric tenderness on 
deep pressure Hemoglobin 75 per cent , W B C 16,000, with 58 per cent polys , blood 
urea 20 mg , blood proteins 5 8 per cent Following two transfusions, hemoglobin was 
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eleA'ated to 8o per cent Gastroscopy on two occasions revealed an ulcer on the gastric 
side of the posterior hp of the gastro-enteric stoma Roentgenologic examination failed 
to rev'eal evidence of a gastrojejunal ulcer 

Operation was performed on ilaj 26 , 1938, under aveitin and cjclopiopane The 
omentum was adherent to the previous scar, and the stomach was bound to the under 



Case 7 — Roentgenograms taken in 1934 showing duodenal and gastrojejuml 

ulcers 



surface of the liver by dense adhesions The transverse colon was finally brought into 
the wound, exposing the site of a no-loop, anteperistaltic, posterior gastro-enterostomy 
The afferent loop of this was constricted bj adhesions Definite induration was felt in 
the posterior region of tiie stoma, evidently the site of a healed marginal ulcer A 
secondarv subtotal gastrectomy was performed removing 6 cm of the lesser curvature 
and 13 cm of the greater curvature of the stomach The proximal end of the small 
gastric segment was then closed, and an anterior antecolic button gastro-enterostomy, 
with a suture entero-enterostomv was performed Prior to this the jejunal opening 
had been closed bj a transverse jejunorrhaphv 
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Patient’s recoverj' was uneventful When last seen, February 1940, he had gained 
materially in weight, had no further episodes of bleeding, and seemed quite well 

The lemoval of a gaslnc segment in a case of partial gastrectomy with 
a letrocohc anastomosis, complicated by gastiojejunal ulceiation, is a difficult 
pioceduie The mobilization of the ulcerated stoma fiom its attachment to 
the transveise colon, and occasionally the panel eas, must be caiefully undei- 
taken in ordei to avoid injuiy to the middle colic aiteu A secondary radical 
subtotal gastiectomy of this type ina)’’, peifoice, leave a segment of stomach 
so small that a sutuie gastio-entciostoin)'^ may be extremely difficult and 
often too time-consuming In cases such as this, we haAc found the use of 
either the Muiphy button 01 its modifications iinaluable The site of the 
jejunum chosen for the anastomosis, as a rule, was distal to the area of 
jejunal lesection and its union to the stomach was made anterior to the colon 
The button anastomosis w'as furthei secured by inteiiupted Lembert sutuies 
A button gastiojejunostom} in a high resection, as a rule, pioduced a shaip 
angulation betw'een the affeient and efterent jejunal loops In spite of the 
fact that a jejunojejunostoin)' 111 the areiage subtotal gastrectoin}' is obvi- 
ously a poor piocedure because it depines the stomach of the beneficial 
efiects of full duodenal leguigitation, we have employed it as a safety 
ineasuie against a possible acute jejunal obstuiction Any obstuiction in- 
volving the loop of bowel winch has been lecently sutuied will invariabl) 
lesult in a dehiscence, with an ensuing fatal peiitonitis 

( 6 ) Cast) ojcjimal Ulcciatioii Folloxonig Radical Subtotal Gasti cctomy — 
Recuirent gastrojejunal ulceis following a radical subtotal gastrectoni} of 
the Billroth Il-type unfoitunately occasionally occur These patients lepie- 
sent an unfortunate gioup m wdneh legaidless of the extent of gasti ic resec- 
tion, in spite of the full rcguigitation of the dudenal contents, and the lapidity 
of the emptying, unneutiahzed fiee Indiochlonc acid is still piesent in the 
lemaining stomach This, togethei with the constitutional tendency of the 
mucous membrane, especially of the jejunum, to nlceiate in the presence of 
free hydiochloric acid, pioduce a combination against which present-day 
surgery appears pow'erless Theoietically, 111 order to cure this condition, 
total gastrectomy is indicated The opeiation of total gastiectomy combined 
with jejunal resection results 111 a 11101 tahty of staggering proportions As 
a matter of fact, 111 oui hands, the attempt to leinove additional portions of 
the stomach just short of a total gastiectomy gave an exceedingly high 
mortality Tlieiefore, wdien couises of medical treatment have pi oven to be 
ineffective, we have tiled several palliative procedures m this type of case 
Theoreticall}'-, with the chemical phase of gastric secretion eliminated by 
resection of the pylorus and antrum, the psychic phase of gastric secretion 
should be lessened by a vagotomy Natuially, a vagotomy cannot be a 
complete one In one case, in which a radical subtotal gastiectomy wnth 
exclusion was performed for massive duodenal ulceration, a gastrojejunal 
ulceration promptly took place Inasmuch as this patient did not respond 
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to medical treatment, a tiansthoracic, bilateral supradiaphi agmatic vagotomy 
was pel formed, dividing the mam anterior and posteiior vagus trunks, ^e , 
about 6o pei cent of the vagus neive supply to the stomach There was little 
reduction m acid values according to the insulin test meal, and very little 
impiovement clinically (Case 8) 

Case 8 — History No 420331 K W, age 36 Admitted October 24, 1940 Dis- 
charged November 16, 1940 

jp38 — Prepyloric exclusion for duodenal ulcer and subtotal gastrectomy, with Hof- 
meister retrocolic gastrojejunostomy 



Case 8 — Roentgenogram showing jejunal ulcer following subtotal 
gastrectomj, with exclusion of duodenal ulcer 

1939 — Transthoracic bilateral vagotomy 

1940 — Thoracotomj for empyema 

This is the readmission of a patient who, on a previous occasion, was treated 
medically for duodenal ulcer and who, because of intractability of pain in March, 1938, 
had a prepyloric exclusion of a massive penetrating duodenal ulcer and subtotal gastrec- 
tomy, with a Hofmeister retrocolic gastrojejunostomy, under spinal anesthesia 

He was readmitted again, within two months after discharge, for a jejunal ulcer, 
verified roentgenologically He was then referred to the genito-unnary clinic for medical 
treatment 
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In Maj, 1939, he was again admitted to the hospital for ticatment, at which time 
he had a free acid of 40 and a total acidity of 48 units Because of extreme loss of 
weight, and the intractability of his s\mptoms, due to the presence of a large gastro- 
jejunal ulcer, a transthoracic, supradiaphragmatic, bilateial \agotom\ was performed, 
November 18, 1939 

Postoperative!}, he developed a pleural effusion, which w'as aspirated and found to 
be negative on culture Pre- and postoperative insulin test meal for eagus function 
show'ed no essential difference 

On October 30, 1940, he was admitted to the sersice of Doctor Neuhof for an 
emp}ema thoracis, for which a thoracotomy, m the left paravertebral region, was per- 
formed When last seen, December 17, 1940, the cmp}ema caul} was rapidh closing, 
and the gastric S}mptoms seemed somewhat more under control 

In anothei case of massue jejiinal ulceialion following laoical subtotal 
gastiectomy, an infradiaplnagmatic, anterior vagotomy combined with a 



Case 9 — Roentgenogrsm showing jtjnml ulcer following subtotal 
gastrectomy for duodenal ulcer 

Stirling-type of proceduie and a jejunostomy weie perfoimed There was 
no reduction m the amount of free hydiochloiic acid The patient was, hotv- 
ever, improved temporal ily by a drip of amphogel The present outlook in 
this type of case appears quite dismal (Case 9) 

Case g — History No 436115 L R, age 44 Admitted October 21, 1940 Discharged 
February 9, 1941 

1939 — Subtotal gastrectomy, with posterior retrocolic Murphy button gastrojejunos- 
tomy, for bleeding duodenal ulcer 
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ig40— Anterior vagotomy, Stirling procedure, and jejunostomy for gastrojejunal ulcer 
A subtotal gastrectomy, with a posterior retrocolic Murphj button gastrojejunostomy 
was performed for a penetrating and bleeding duodenal ulcer in May, 1939, as an emer- 
gency procedure The postoperative course was stormy and was complicated by an 
operative bronchopneumonia, a duodenal leak resulting in the formation of an intra- 
abdommal abscess, which was subsequently drained 

Patient was readmitted to the Medical Service on four separate occasions for recru- 
descences of postprandial abdominal pain In August, 1940, a gastro-intestinal series 
reiealed a gastrojejunal ulcer Because of the fact that this patient was not relieved by 
medical treatment, and had lost persistentb in weight, he was leexplored, at which time 
a large gastrojejunal ulcer was found in the posterior w'all of the gastrojejunostomy 
The segment of stomach which remained was so small that no further lesection was 
possible Because of the marked ulceration in the jejunum, no jejunal resection w'as 
performed Therefore, an anterior vagotomy and a Stirhng-type of procedure were per- 
formed in the region of the cardia A Witzel jejunostomy w^as done for alimentation 
He developed a se\ere bilateral bionchopneumoma which almost caused his death 
Although he w'as kept under observation for several months, there w’as no improvement 
clinically, despite the vagotomy, gastric mucin, injections of activm and paravertebral 
block of the nerve roots D9 and Dio The jejunal alimentation gave no relief There 
W'as no clinical improvement 111 the condition of the patient The insulin vagus test meals 
w'hich w’ere done pre- and postoperatively show'ed no difference He was discharged 
finally to a convalescent home 

(7) GastJO]e)uiiocohc Fistulae — One of the most serious complications 
of a jejunal ulcei is its penetration into the transveise colon The fistula 
generally connects the efifeient jejunal loop and the colon, and lies quite close 
to the gastro-enterostomy stoma It is a condition requiiing immediate 
surgical tieatment to pi event lapid death from inanition Theie have been 
many operations rvhich have been devised foi the suigical tieatment of gastro- 
jejunocolic fistula, depending upon the extent of the pathologic condition 
present at the time of opeiation We aie convinced that separation of the 
gastro-enterostoiu)', with or without colonic lesection, is an inadequate 
procedure The aim of any operation employed, theiefore, should be the 
elimination of the jejunal ulcei by excision, the restoration of colonic con- 
tinuity, and the performance, either simultaneously oi eventually, of an 
adequate gastiectomy In 1939, Pfeiffer- suggested a pielimmaiy ascending 
colostomy wuth the function of a spui, insuring a complete diversion of the 
fecal current He felt that the inflammatory exudate piesent about these 
lesions w'ould be diminished by this proceduie, making any subsequent sur- 
gery much simpler Having seen the benefits of jejunostomy in diminishing 
the massive exudates about a gastrojejunal penetration, w'e w'eie convinced 
of the logic of employing a piehmmary colostomy m large gastiojejunocolic 
fistulae in patients in poor condition In patients m wdneh the lesion is not 
extensive, the operation may be pei formed either 111 one or two stages 
(Case 10) 

Case 10 — History No 426675 N W, age 49 

1935— Retrocolic posterior gastro-enterostomy for duodenal ulcer with pjlonc 
stenosis 

1938— Ascending colostomy w’lth spur for gastrojejunocolic fistula (May) 
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1938— Subtotal gabtrectomj, witli antccolic terniinolateral gastrojejunostomy and 
jejunal resection, with jejunojejunostonn for jejunal ulcer (July) 

1938 — Closure of colostomj 

This patient was first admitted to the hospital Januar\ 7, 1935 He gave a nme-jear 
hlstor^ of intermittent attacks of epigastric, postprandial hurmng pain associated iMth 
nausea, occasional vomiting, eructations, and pjrosis One week before admission, a 
gastro-intestinal series was done, and a penetrating duodenal ulcer, with a large gastric 
residue after five houts, w-as found On January 12, 1935, under spinal anesthesia, 
through a median epigastric incision, a rctrocolic, posterior no-loop gastro-enterostonw 
was performed for chronic duodenal ulcer producing a partial p\loric obstruction Tiie 
postoperatn c couise was uneventful, and he was discharged 12 days after operation 
Ihe patient felt fairly well until three months before his second admission, when he again 
began to have frequent bowel movements accompanied bv the belching of fecal tasting 
gas He had lost ten pounds during this period Barium enema revealed the presence 
of a gastrojejunocolic fistula 

He was readmitted to the hospital 'Vpril 13, 1938 He appeared to be well-nourished 
He belched frequently, with a feculent odor apjiarent on the breath There was a small 
incisional hernia at the previous operative site Hemoglobin 70 per cent Urine clear 
Blood chemistry normal Electiocardiogiam negative A. night Rehfuss test meal 
levealed a free acid of 80, and a total acid of 128 units When a mcthvlene blue enema 
was administered to the patient, the dye appeared 20 minutes later through a gastric 
I^evm tube, establishing the presence of a gastrojejunocolic fistula On May 6, 1938, 
under spinal anesthesia, and through an upper right rectus musclc-sphtting incision, the 
ascending colon was mobilized Crushing clamps were apiihcd to the midportion of the 
colon, which was exteriorized, while the distal and proximal limbs were united to form 
a spur The colon was divided between the clamps Ihe proximal colonic loop was 
opened 24 hours after operation, and the clamps were removed on the sixth day Almost 
immediately, the patient noted that his breath was no longer fecal At the time of 
discharge, the entire fecal stream was side-tracked and draining well through the proximal 
colostomy The distal colonic segment, however, was still in communication with tlie 
stomach, as was evidenced by the appearance of metliylcne blue in the gastric Levin tube 
20 minutes after the dye had been administered m an enema He was discharged May 

17, 1938 

The patient reentered the hospital July 8, 1938 He was asymptomatic and had gained 
about 18 pounds A gastro-intcstinal senes showed evidence of a previous gastro- 
enterostomy The barium mixture passed through the stoma which was tender and 
irregular, within the jejunum about two inches from tlie stoma, a large ulcer pocket, 
one inch 111 diameter was observed There was no evidence of a gastrojejunocolic fistula 
A barium enema, injected through the colostomy, showed irregularity of the midportion 
of the transverse colon but no communication between the colon and stomach On July 
16 1938, under anesthesia, the scar of the previous median epigastric incision was excised 
In the region of the previous gastro-enterostomv' there was a hard, inflammatory mass 
about the size of a lemon, which included the stomach, colon, and jejunum About 12 
inches from the duodenojejunal angle, the efferent jejunum was found to be the seat of 
a definite ulceration almost opposite the neostomy The fistula in the colon had evudently 
healed and was replaced by hard, fibrous, indurated connective tissue The stomach 
itself was dilated to about twice its normal size, and this was apparently caused by a 
stenosis at the duodenum due to a healed duodenal ulcer A partial jejunectomy, with 
end-to-end jejunojej unostomy, for a jejunal ulcer, and a subtotal gastrectomy with a 
Hofmeister antecolic gastro-enterostomy, for healed ulcer of the duodenum, with pyloric 
stenosis, w'as performed 

After a moderate febrile reaction, and some gastric regurgitation, the patient did 
well A spur-crusher was applied to the colostomy two weeks after operation, and two 
weeks later, an extraperitoneal closure of the colostomy was performed, under ethylene, 
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by Dr P Klmgenstem When last seen, March i, 1941, the patient looked and felt well 
He had gamed 25 pounds since his operation 

SUMMARY 

The pathology, symptomatology, physical, loentgenographic, gastioscopic, 
and chemical findings in cases of gastrojejunal ulceration following gastro- 
entei ostomy, paitial, and subtotal gastiectomy are reviewed The medical 
treatment and suigical indications aie discussed 

The surgical management of gastio jejunal ulceration and its complica- 
tions depend upon the pathology piesent at the time of operation Cases aie 
aibitrarily divided into (i) Perfoiation of acute gastiojejunal ulcers follow- 
ing gastro-entei ostomy , (2) resectable gastrojejunal ulcers following gastro- 
enterostomy, (3) massive gastrojejunal ulcers following gastro-enterostomy , 
(4) cicatrized gastrojejunal ulcers following gastro-enterostomy, (5) lesect- 
able gastrojejunal ulcers followniig partial gastrectomy, (6) resectable gastio- 
jejunal ulcers following subtotal gastrectomy, and (7) gastrojejunocolic 
fistula 

A detailed discussion of the suigical problems involved in each group 
wuth case presentations aie given 
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SURGICAL MANAGEMENT OF CARCINOMA OF THE AMPULLA 
OF VATER AND OF THE PERIAMPULLARY PORTION 
OF THE DUODENUM=^ 

Ybrnk C Hunt, M D 

I os \nGI I LS, C u 

In i 935 j Whipple, Paisons, and IMullins picsented a papei liefoie this 
Association in which they diiected attention to the piolilems invoKed in the 
suigical tieatment of caicinoma of the ampulla of \ atei and of the peiiampul- 
lary poition of the duodenum The} described and illustiated a surgical 
pioceduie perfoimed in two stages which emhiaces the fundamental piin- 
ciples of cancel suigeiy in gcneial, ic, the excision of tissue cn bloc, wide 
of the giowth, w'hich stimulated anew' an endeavoi to suigically extirpate 
neoplastic disease in that situation 

Chaiacteiistically, patients in w'hom neoplastic ohstiuction of the terminal 
poition of the common duct occuis, lose weight lapidly thiough letention 
of bile and the loss of external panel eatic secietion, to become subjects for 
suigical pioceduies in w'lnch the iisk of opeiation is iai gieatei than in 
opeiations emjiloyed foi the iclief of tempoian, inteimittent, oi incomplete 
obstruction of the common duct icsulting fiom benign disease E^cn though 
the advantages of diainage and clecom])! ession ot the hiliai} tiact prelimi- 
nary to any ladical suigical jiioccduic loi the extiipiition of neoplastic dis- 
ease in the ampullan legion have long been iccogni/ed the risk of such 
opeiations has in the past been gieat (30 to “o pei cent) 

Since 1898, w'hen Halsted successfully peifoiined the fiist ladical oper- 
ation foi caicinoma of the ampulla of Vatei thiough resection of the du- 
odenum with end-to-end anastomosis and leimjilantation of the common and 
panel eatic ducts into the duodenum, less than 125 instances have been 
lecoided m w'hich ladical excision of malignant disease in this situation has 
been accomplished Should one icly sold} u])on the numbei ot cases in 
which suigical extnpation of a malignant lesion 111 the peiiampullaiy legioii 
has been undei taken, he w'ould be inclined to the opinion that malignant 
disease in this situation is exceedingly uncommon In seal clung the hteiatuie 
foi lecoided instances of suigical excision and ladical lesectioii of neoplastic 
disease 111 the ampullaiy legioii, a startling numbei of cases w'eie encounteied 
111 which the diagnosis w'as made at neciopsy, W'hicli 11101 e often than not 
disclosed an entnely localized opeiable lesion In 1913, Outei budge collected 
no cases of caicinoma of the amjiulla of Vatei and 111 onl} 22 of those had 
a resection of the ampulla been peifoimed In 1939, Liebei, Stew'ait, and 
Lund collected 399 cases of carcinoma of the ampulla of \^atei w'hicli, w'lth 
the exception of a few cases that w'eie not available to them, lepresented 
all of the cases lepoited in the liteiatuie 

*Read before the American Surgical Association, White Sulphur Springs, W V a , 
April 28-30, 1941 
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Upcott, Palhn, Einhoin and Stetten, Busch, Fulde, iMullei and Rode- 
makei, among otheis, have presented extensive leviews of this subject In 
1927, howevei, Cohen and Colp piovided the most complete collection of 58 
cases 111 nliich ladical opeiation foi caicmoma of the ampulla of Vatei had 
been peiformed duimg the peiiod from 1898 to 1925 1934 ; repoiting 

a case which had been successfully operated upon, Hunt and Budd collected 
17 additional cases, which added to those of Cohen and Colp, piovided a 
collective review of 76 cases In 1935, Whipple, Paisons, and Mullins 
lepoited thiee cases of then own and added 19 cases fiom the liteiature since 
the repoit of Cohen and Colp In a late collective review by Kafka, 115 
cases are listed in wdiich opeiation had been peifoimed I have recently 
collected fiom the liteiatuie and thiough peisonal communication 32 cases 
(abstiacts appended) which, with those heie lecoided and added to those 
collected by Cohen and Colp, Whipple, Pai sons and Mullins, and Hunt and 
Budd, piovide 124 cases foi leview (Table I) 

Foul cases aie heieivith lepoited in ivhich radical opeiation was success- 
fully peifoimed for caicmoma of the ampulla of Vatei and peiiampullaiy 
region of the duodenum Case i was lepoited befoie the Western Surgical 
Association in Decembei, 1934. and w'as lecoided m Surgery, Gynecology, and 
Obstetrics in Novembei, 1935 The case is heie piesented in abstiact foim 
111 01 del that the subsequent course, ultimate result, and neciopsy findings 
may be made a inattei of lecoid 

CASE REPORTS 

Case I — St Vincent’s Hospital, No 3047-34 A woman, age 54, on August 15, 1934, 
gave a history of epigastric distress of three weeks’ duration, with progressive jaundice 
There had never been any acute pain or chills, but there had been a daily temperature of 
100° F A weight loss of ten pounds had occurred At the time of examination, the 
patient was poorly nourished, weighed 98 pounds and was deeply jaundiced General 
physical examination w'as essentially negative except for the presence of a large cystic 
mass occup3ing the entire upper left quadrant of the abdomen, which, upon subsequent 
investigation, pro\ed to be a huge hj-^dronephrotic left kidney Apart fiom a secondary 
anemia, laboratory data, as detailed in a previous report, were essentiallj negative A 
preoperative diagnosis of obstructive jaundice, piobablj due to carcinoma of the head 
of the pancreas was made 

Opoahoii — (Hunt) August 17, 1934 Transduodenal cauterj excision of the am- 
pulla of Vater with reimplantation of the common duct and duct of Wirsung into the 
posteiioi wall of the duodenum and external drainage of the common duct The gall- 
bladder w’as greatly distended and the common duct w^as dilated to about 2 5 cm in 
diameter, and both of these structures contained colorless, mucoid material under pres- 
suie An incision in the anterior W'all of the duodenum exposed a nonulcerating tumor 
of the ampulla, projecting into the lumen of the duodenum (Fig i) A wide trans- 
duodenal cautery excision of the tumor was made, dividing the dilated common and 
pancreatic ducts (Figs 2 and 3) The mesial edges of the common duct and the duct 
of Wii sung w^ere sutured together and the circumferential edge of each duct w'as sutured 
to the mucosa of the posterior w^all of the duodenum (Fig 4) Temporary external 
drainage of the common duct was established by an ordinary catheter Pathologic Diag- 
nosis Papillarj adenocarcinoma primarj in the ampulla of Vater, Grade III (Fig 5) 
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Table I 


124 CASES 01 RADICAL 

OPERATION rOR 

CARCINOMA or THE PERIAMPULLARV 
FROM 1898 TO 1941 

REGION or THE DUODENUM 

Year 

Surgeon 

Sex 

Age 

Operation 

Result 

1898 

Hoisted* 

M 

60 

Resection of duodenum (circular su- 
ture) (end to end) reimplantation 
of choledochus and pancreatic 
ducts and cholccystostomy 

Death 7 mos after resection 
from recurrence 

1899 

Riedel* 

r 

SO 

Transduodcnal excision 

Died from operative shock 
same day 

rpoo 

W J Mayo* 

p 

59 

Choices stostomj 3 mos later trans- 
duodenal excision a\ith the cauterj 
18 mos later choices stoduodenos- 
tomy because of recurrence 

Died after operation for re- 
currence from shock 

ipoi 

Czern> * 

M 

66 

Transduodcnal excision and chole 
c> stostomy 

Died after s days from re- 
troduodenal phlegmon 

igoi 

Ritford* 

r 

31 

Cliolccjstostomy and i mo later 
transduodcnal excision 8 mos 
later choices sto-enterostomy he 
cause of recurrence 

Died 4 mos after the last 
operation from recurrence 

1903 

Koerte* 

r 

44 

1 ransduodennl excision and cholcdo- 
chopancreaticoduodenostomy 
Drainage of hepatic and pancreatic 
ducts and gallbladder 

Died 8 days after operation 

1904 

Mayo Robson* 

M 

33 

Resection of duodenum and pslorus, 
suture of duodenum and ps’lorus, 
cholecs stostomy 

Died few days after opera- 
tion 

1904 

Koerte* 

r 

S3 

Transduodcnal plastic on papilla (ex- 
cision of stricture) Drainage of 
pancreatic and hepatic ducts and 
choices stostomy 

I S rs later resection of duodenum 
(circular and end to end suture) 
common and pancreatic ducts cut 
through sutured together and rc- 
implanted into posterior duodenal 
Mall 

Operative rccov cry Patient 
well for iH SI’S, then 
jaundice returned 

Died third day after opera- 
tion 

1904 

Arnsperper* 

r 

43 

Transduodcnal excision and insertion 
of choledochus Drainage of he 
patic duct 

Died 2 days after operation 
from hemorrhage 

190S 

Koerte* 

r 

47 

Transduodcnal excision and common 
duct rcimplanted into duodenum 

Operative recovery Alive 
22 yrs after operation 

190s 

Vertroogen* 

r 

33 

Transduodcnal excision 

Died II days after opera- 
tion from hcmatcmesis 
and duodenal leakage 

190S 

Cordua* 

r 

41 

Transduodcnal excision, Choices stec- 
tomy and gastro enterostomy 

Operativ e recovery Died 

I yr later from recur- 
rence 

1 90s 

Mayo* 

M 

49 

Retroduodenal papillectomy chole 
dochoduodenostomy 

Died after 8 wks 

1908 

Morian* 

r 

42 

Transduodcnal excision choices sto- 
yejunostomy 

Operative recovery Died 
zJ-S yrs later from recur- 
rence 

1908 

Cuneo* 

M 

59 

Transduodcnal excision reinsertion 
of choledochus gastro enterostomy 

Died 4 days after operation 

1908 

Navarro* 

M 

60 

Transduodcnal excision reinsertion 
of choledochus and pancreaticus 

Operative recovery Alive 

2 yrs after operation No 
recurrence 

1909 

Kausch * 

M 

49 

Cholecystojejunostomy 2 mos later 
resection of duodenum and part of 
pancreas Pancreaticoduodenos 

tomy and gastro enterostomy 

Operativ e recovery Died 
H yr later from cho- 
langitis 

1910 Stein* ? ? 

* Collected by Cohen and Colp in 1927 

Duodenotomy Soft friable papil 
lary mass surrounding papilla cu- 
retted away 

Operative recov ery Patient 
alive 7 mos later 
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Year 

Surgeon 

Sex 

Age 

Table I (jConltnued) 

Operation 

1910 

Kraske* 

F 

60 

Transduodenal excision Reinsertion 

1910 

Kelly* 

F 

45 

of choledochus 

Transduodenal excision Reimplan- 

1910 

Kerr II 

M 

52 

tation of choledochus 

Transduodenal excision with reim- 

1911 

HoU* 

F 

6 r 

plantation common duct and duct 
of Wirsung 

Retroduodenal excision and gastro- 

1911 

Slaymcr* 

M 

48 

enterostomy 

Retroduodenal excision reinsertion 

1912 

Hartman* 

7 

? 

of choledochus and pancreaticus 
Choledochostomy and jejunostomy 
Transduodenal excision with reim- 

1912 

Upcott* 

M 

6 s 

plantation of choledochus 

Transduodenal excision and reinser- 

1912 

Oppenheimer* 

F 

63 

tion of choledochus Cholecystos- 
tomy 

Choledochotomy at first then resec- 

1913 

Hirschel* 

F 

47 

tion of entire choledochus and sur- 
rounding indurated area Hepatic 
duct sutured to duodenum Cho- 
lecystectomy Stump of pancreatic 
duct which had been cut through 
sunk into duodenal wall 

Circular resection of the duodenum 

1913 

Alglave* 

? 

7 

End-to-end suture Choledocho- 
duodenostomy with tube Resec- 
tion of part of pancreas and 
pancreaticoduodenostomy and gas- 
tro enterostomy 

Transduodenal excision 

1913 

Hartman* 

7 

7 

Choledochostomy 

Transduodenal excision 

1913 

Clermont* 

7 

7 

Reimplantation of choledochus 

Transduodenal excision 

1913 

Kleinschmidt* 

F 

Sr 

Cholecystectomy Transduodenal 

1914 

Docq-VanPsever* 

7 

? 

excision 

Transduodenal excision 

1914 

Docq-VanPsever * 

7 

? 

Transduodenal excision 

1914 

Wiede* 

7 

7 

Transduodenal excision 

1914 

"Wiede* 

7 

7 

Transduodenal excision 

1916 

Akerblom * 

F 

72 

Transduodenal excision 

1917 

Akerblom * 

7 

? 

Transduodenal excision 


* Collected by Cohen and Colp in 1927 
II Collected by Hunt in 1941 


Result 

Operative recovery Severe 
hemorrhage first day 
postoperative 

After 23 mos developed 
slight jaundice probably 
from a recurrence 

Operative recovery Patient 
alive 9 yrs after opera- 
tion 

Lived 3 yrs (Kafka) 


Operative recovery 

Died after 3 days from 
cholemic hemorrhages 

Operative recovery Recur- 
rence 2 mos after opera- 
tion 

Operative recovery Treated 
later with radium because 
nodes suspected of being 
malignant were not re- 
moved 

Operative recovery Died 
I yr later from recur- 
rence in liver 


Operative recovery Died 
I yr later from recur- 
rence 


Died 8 days after operation 
from cholemia and anuna 
Operative recovery Patient 
alive 18 mos after opera- 
tion 

Died night of operation 
from hemorrhage 
Died eighth day from pen- 
tonitis 

Operative recovery 
Died fourth day from hem- 
orrhage 

Operative recovery 
Died from cholemic hemor- 
rhages At postmortem 
no metastases found 
Died after 8 days from 
cholemic hemorrhages 
Died after 2 days from 
pancreatic hemorrhage 
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T 5ni L I {Coitltnticd) 


Ye%r 

Surt'con 

Se\ 

Arc 

Operation 

Result 

1918 

Anschutz* 

F 

^(> 

rransduodeiial excision and reim- 

Operative rccoy cry Gained 





plantation of choledochus Pylorus 
occluded and postenor gastro 
enterostomy Cholecj stostomy for 

8 days 

50 lbs in 4 mos 

igtg 

Lundblod * 

r 

59 

Transduodcnal excision 

Died after 5 days from 






cholemic hemorrhages 

1919 

Ohnni* 


7 

Transduodcnal excision and reim 

Operative recoy cry Patient 





plantation of choledochus Chole 
cystectomy with drainage 

alive 4 y rs later 

1919 

Arnspert,er* 

r 

SO 

Trinsdiiodenal excision and rcim 

Operatiy e rccoy cry Patient 





plantation of choledochus He 

died 6 mos later from 





patic drainage 

metastascs 

1919 

Schusslerli 

M 

■13 

Resection of duodenum uith reim- 

Death ninth day from hem 





plantation of common duct and 
duct of V\ irsiing 

orrhage 

1919 

Schusslerii 

r 

34 

Transduodcnal excision and reim 

Recovery Good health at 





plantation of common duct 

end of 4 mos 

1920 

Bladll 

r 

62 

Transduodcnal excision and reim 

Recovery Good health at 





plantation of common duct 

end of 16 mos 

1920 

Brentano* 

M 

15 

Transduodcnal excision 

Operative recovery Rine 






mos later local recur- 






rence 

1921 

Propping* 

I 

IT 

Transduoden it excision and reim 

Operative recovery Alive 





plantation of pancreatic and cholcd 

I yr later and gained 30 





ochus ducts 

lbs 

1921 

Klcinschmidt* 

r 

It 

1 ransduodenal excision Drainage of 

Oper itiv c rccoy cry B ell 





duct of B irsung 

7 mos later 

1922 

Rcnshau * 

> 

7 

Choledochotomy transduodcnal ex- 

Died 0 days after operation 





cision (knife and cautery) chole 
cy stoduodenostomy 


1922 

Bruett* 

r 

59 

Cholecystectomy Transduodcnal ex- 

Died 2 days after operation 





cision and reimplantation of choled- 
ochus and duct of B irsung 

from peritonitis 

1922 

Bnictt* 

M 

SO 

Transduodcnal excision and reim- 

Opcrativ c rccov cry Died 





plantation of choledochus and duct 
of B'lrsunt 

’f yr later 

1922 

Bruett* 

M 

13 

Tr insduodenal excision and reim 

Operative recovery Alive 





plantation of choledochus and 
pancreatic duct 

6 mos later 

I 92 T 

Temni* 

7 

7 

First operation Duodenotomy pos- 






terior gastro enterostomy , diy ision 
of choledochus y\ith implantation 
of proximal end into efferent duo 
denal segment Suture of duo 
denum and closure of abdomen 
yyithout drainage 






Second operation (one mo later) 

Postoperativ c reaction se 





Duodenum mobilized and de 

verc Patient free from 





sccnding part resected Disc ised 

recurrence 3 yrs after op 





head of pancreas remoyed and 
pancreatic stump sutured into ef- 
ferent duodenal segment and su- 
tureline protected yy ith peritoneum 

eration 

1922 

Juddt 

M 

55 

First stage Cholecystostomy Sec- 

Death 2 days ifter opera 





ond stage Transduodcnal excision 
and cholcdochoduodenostomy 

tion 

1923 

Dalla Valle* 

7 

7 

Transduodcnal excision and reim 

Died 3 days after operation 


pHnt'ition of choledochus 

* Collected by Cohen and Colp m 1927 
II Collected b> Hunt in 1941 
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Year 

Surgeon 

Sex 

Age 

Operation 

Result 

1923 

Pozzi* 

? 

7 

Duodenotomy Excision of papilla 
■with reimplantation of duct of 
"Uhrsung and choledochus Chole- 
cj stogastrostomy 

Operative recovery 

1923 

Pozzi* 

■> 

7 

Choledochotomy Transduodenal ex- 
cision of papilla with reimplanta- 
tion of choledochus and Wirsung 
Cholecystogastrostomy 

Died 6 days after operation 
from pentonitis 

1923 

Pozzi* 

> 

7 

Duodenotomy Excision of papilla 
u ith reimplantation of choledochus 
and duct of "l^hrsung 

Operative recovery Patient 
ahxe 3 yrs after opera- 
tion 

1923 

Beer* 

M 

34 

Transduodenal excision Cholecysto- 
gastrostomy 

Died in 10 hrs from shock 

1924 

Moschcoii itz * 

F 

54 

Choledochotomy Transduodenal ex- 
cision Drainage to suture lines of 
common duct and duodenum 

Died S days after operation 
from hemorrhage 

1924 

Tomascheu itch * 

■> 

? 

Transduodenal excision 

Death ii days after opera- 
tion from duodenal fistula 

1924 

Brenner II 

M 

58 

Transduodenal excision 

Recovery Subsequent 
course’ 

192s 

Gohrbrandt* 

M 

7 

Transduodenal excision and reim- 
plantation of common bile and 
pancreatic ducts 

Operative recovery Alive 
4 mos later 

192s 

Muller* 

M 

52 

Transduodenal excision 

Operative recovery Death 
from metastases 4 yrs 
and 8 mos after opera- 
tion 

192s 

Cohen * 

F 

44 

Choledochotomy Transduodenal ex- 
cision Cholecystostomy and 

drainage 

Operative recovery Died 
1 1 mos later from metas- 
tases 

1925 

Hansent 

M 

44 

One stage transduodenal excision and 
cholecystostomy 

Operative recovery Recur- 
rence and death m 18 

mos 

192s 

Konjetznj t 

M 

55 

One stage combined retroduodenal 
and transduodenal excision, reim- 
plantation of common duct and 
duct of Whrsung 

Recovery 

192s 

Homanst 

■> 

7 

One stage transduodenal cautery ex- 
cision 

W’^ell after sex'eral years 

1925 

Cabottt 

M 

35 

One stage transduodenal excision and 
reimplantation of common duct 

W’'ell after 8 yrs 

1926 

Eiselsbergll 

7 

7 

Transduodenal excision 

Recovery Subsequent 
course’ 

1926 

Eiselsbergll 

7 

7 

Transduodenal excision 

Death third day from hem- 
orrhage 

1926 

Lagos and 
Dominguez II 

M 

41 

Transduodenal excision and reim- 
plantation of common duct 

Death 16 hrs after opera- 
tion, hemorrhage 

1927 

Clartt 

? 

7 

One stage transduodenal excision 
XMth reimplantation of common 
duct and the duct of Wirsung 

Living and u ell s yrs after 
operation 

1927 

Fuldett 

M 

46 

One stage transduodenal excision 
■with reimplantation of common 
duct and the duct of W irsung 

Living and w ell 2 j rs after 
operation 

1928 

Collertt 

M 

64 

One-stage transduodenal excision 
with reimplantation of common 
duct 

Death on fourth daj 
(cholemia) 

1928 

Buschtt 

M 

53 

First stage Cholecystostomy 

Second stage Transduodenal excision 
ivith reimplantation of common 
duct and duct of Wirsung 

W’^ell after i yr 


* Collected by Cohen and Colp m 1927 
t Collected by Hunt in 1934 

t Collected by "Whipple Parsons and Mullins in 1933 
II Collected by Hunt in 1941 
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Year 

Surgeon 

Sex 

Age 

Operation 

Result 

1928 

Llambiast 

M 

42 

One stage transduodenal excision 
with reimplantation of the com- 
mon duct and duct of 'Uirsung 
cholecystectomy and choledochos- 
tomy 

Recovery 

1928 

Del Vallet 

M 

42 

One stage transduodenal excision 
cholccystectom> and choledochos 
tomj 

Recov er> 

1929 

KhnkertJ 

M 

S3 

First stage Cholecjstojcjunostomx 
Second stage Transduodenal exci- 
sion and gastro enterostomy 

Operative recoverj 

Death in 3 mos from liver 
metastases 


Pollett 

? 

■> 

First stage Cholccystoje3unostom> 
Second stage Transduodenal exci- 
sion Viith reimplantation of com 
mon duct and duct of W irsung 

Recov erj 

1929 

Denkst 

r 

31 

One stage resection of duodenum 
and part of head of pancreas, end 
to end anastomosis of duodenum 
to pjlorus, reimplantation of com- 
mon duct into stomach 

Death on third da> Ro 
metastases at autops)’ 

1929 

Denkst 

M 

? 

One stage transduodenal excision 
and reimplantation of common 
duct and duct of Wirsung, cholc- 
dochostom> 

Death on sixth da> 

1930 

BengolcaJ 

F 

37 

One stage excision through cholc- 
dochotomy opening and cholc 
dochostomy 

Recoverj Secondary oper 
ation 3 mos later from 
rccumng jaundice, metas- 
tases 

1931 

Walterstt 

M 

SO 

One stage transduodenal excision 
xsith reimplantation of common 
duct into duodenum 

Operativ e recov crj 

1931 

Pembertontt 

M 

44 

One stage transduodenal excision 
■with reimplantation of pancreatic 
duct into duodenum, cholcdocho- 
duodenostomy 

Recurrence and death 2 
j rs after oper ition 

1931 

De Beulcll 

? 

? 

Transduodenal excision and reim- 
plantation of common duct 

Recov erj Metastases to 

liver within few mos 

1931 

De Beulell 

? 

? 

Transduodenal excision and reim- 
plantation of common duct 

Lived 3 jrs, death from 
influenza 

1931 

Do Beulell 

? 

■) 

Resection of duodenum and end- 
to end anastomosis of duodenum, 
cholecystogastrostomy 

Death soon after operation 

1932 

Juddtt 

M 

38 

First stage Cholccystostomy and 
choledochostom> 

Second stage i mo later transduo- 
denal excision 

Recurrence 9 mos after op 
eration requinng chole 

0 stogastrostomy 7 nios 
later gastro enterostomj , 
lived 2K yrs 

1933 

PottertJ 

r 

S7 

One stage transduodenal excision 
■with reimplantation of common 
duct and the duct of Wirsung 

Operativ e recov erj Death 

6 mos later, metastases? 

1933 

Lauwerstt 

M 

SI 

One stage transduodenal cautery ex- 
cision and cholecystojejunostomy 

Living and well 3 jrs 10 
mos after operation 

1933 

Lauwerstt 

M 

S2 

One stage transduodenal excision 
with reimplantation of duct of 
Wirsung, cholccystojejunostomy 

Well 9 mos after operation 

1934 

Snyder and Lium|| 

M 

48 

First stage Cholccystoduodenos- 
tomy and drainage of common 

Recoverj Subsequent 
course’ 


duct 

Second stage Transduodenal etci 
Sion, -with reimplantation duct of 
Wirsung and external catheter 
drainage of duct of Wirsung 

+ Collected by Hunt in 1934 

t Collected by Whipple, Parsons and Mullins in 1935 
II Collected by Hunt in 1941 


576 



PERIAMPULLARY CARCINOMA 


Volume 114 
1 \ umber 4 

Year Surgeon Se-<: Age 

1934 Santero}; M SO 


1934 Santerot F 72 


1934 Huntt (Case i) F 54 


1935 Yhipplet r 60 


193s Parsonsi M 53 


1935 WhippleJ M 49 


1935 Janest M 


I93S Kafkail M 52 

1935 Nemenyill M 42 

1936 Bummll (Geisthovel) M 54 

1936 Oratory P 48 


1936 Hyde and YoungH F 76 


Table I {Cojiltnued) 

Operation 

One stage transduodenal excision 


One-stage transduodenal excision 


One stage transduodenal excision, 
\\ith reimplantation of common 
duct and the duct of Wirsung, 
choledochostomy 

First stage Cholecystostomy and 
choledochoduodenostomy 
Second stage Transduodenal excision 
and excision of part of head of the 
pancreas with pancreaticoduoden- 
ostomy 

First stage Cholecystogastrostomy 
Second stage Resection of duodenum 
and head of pancreas w ith closure 
of pancreatic stump, end-to end 
anastomosis of duodenum 
Third operation 8 days later Ante- 
rior gastro enterostomy and en- 
tero enterostomy 

First stage Gastro enterostomy li- 
gation and division of common 
duct, and cholecystogastrostomy 
Second stage Resection of duodenum 
and head of pancreas w ith closure 
of pancreatic stump 
First stage Cholecystogastrostomy 
Second stage (3 wks later) Resec- 
tion duodenum and adjacent pan- 
creas, closure pancreatic stump, 
ligation of common duct, and 
gastro enterostomy 
Transduodenal excision and reim- 
plantation of common duct and 
duct of Wirsung 

Resection of duodenum and part of 
head of pancreas, pancreaticoduo- 
denostomy, pylorojej unostomy and 
jejunojejunostomy 
Transduodenal excision and reim- 
plantation of common duct and 
duct of Wirsung, cholecj stoduo- 
denostomy 

Whipple operation first-stage, chole- 
cystogastrostomy and posterior 
gastro enterostomy 
Second stage Resection of duodenum 
and part of head of the pancreas 
Transduodenal excision and reim- 
plantation of common duct and 
duct of Wirsung, choledochostomy 


t Collected by Hunt in 1934 

J Collected by Y hippie Parsons and Mullins in 1935 
II Collected by Hunt in 1941 


Result 

Recurrence 17 mos after 
operation Second radical 
excision at this time 
Death 22 mos after first 
excision 

Recurrence 4 mos later 
necessitating palliative 
operation Death 19 mos 
after first operation 

Lived 25 mos , death from 
retropentoneal medias- 
tinal metastases 

Death 36 hrs after opera- 
tion from duodenal leak- 
age 


Death in 8 mos of cholan- 
gitis 


Recovery Death after 28 
mos of metastases to 
liver 


Death fifth postoperative 
day of pneumonia 


Well 22 mos after opera- 
tion Death of unknown 
cause 2 yrs after opera- 
tion 

Well at end 16 mos having 
regained nearly all w eight 


Six mos after operation 
well and gained 22 lbs 


Pancreatic fistula 3 mos 
after operation jejunos- 
tomy was provided to re- 
ceive external pancreatic 
fistula 

Y ell at end of 3 yrs 
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T\mi- I (Continued) 


Year 

Surgeon 

Sex 

Arc 

Operation 

Result 

1936 

HollenberB§ 

r 

4 S 

Tno stage radical operation of resec 

Pancreatic fistul i persisted 





tion of the duodenum and head of 

for 8 to 9 mos Following 





the pancreas 

spontaneous closure of 
fistula excellent health 
for i'/ yrs Death of 
local recurrence 34 mos 
after resection 

1937 

Hoffman and Pack|] 

M 

58 

First operation T tube drainage of 

De ith 6 hrs after opera 





common duct 

Second operation rransdiiodenal ex- 

tion from hemorrh ige 





cision 


1937 

Mallet Gu> 11 

r 

S 6 

Transduodcnal excision and cholcdo 

Recoa ery Subsequent 





chobtomy 

course’ 

1937 

McCabell 

M 

67 

Transduodcnal excision and reim- 

Recoacry after postopera- 





plantation of common duct and 

tia e hemorrhage Subse 





duct of \\ irsung choledochostomy 

quent course’ 

1937 

Brunsch\%i^ || 

r 

41 

Transduodcnal excision and reim- 

General condition good af- 





plantation of common duct and 
duct of Wirsung 

ter IS mos 

1937 

RoscbcrII 

\i 

SS 

First stage Cholec>stOf,astrobtomj 

Liaed s mos Death due to 





Second stage Resection of duodenum 

bronchopneumonia met 





and part of head of pancreas di\ 1- 
sion and ligation common duct 
implantation of common duct into 
jejunum, posterior gastro cntcros 
tom> 

istases’ 

1937 

Di\is|| 

r 

6 S 

One stage transduodcnal excision 

Liaed 1 yr , cardiac death 





with reimplantation of common 
duct and duct of 3 \ irsung cholc 
c> stoduodenostomy 



Janes? 

> 

■> 

Two stage radical operation of re 

Do ith 2 aaks after opera 





section of the duodenum and head 

tion from massia c hemor- 





of the pancreas 

rhage 


ScbullinRcr? 

5 

■) 

Two stage radical operation of rcsec 

Death 2 aaks after resection 





tion of the duodenum and head of 
the pancreas 

of pneumonia 

1938 

Trout II 

M 

5 S 

WTiipplc operation in one stage 

Death aaithin a feaa hours 





cholceystojcjunostomy postenor 
Rastro enterostomy , dnision and 
ligation of common duct, resection 
of duodenum and part of head of 
pancreas rn Idoc 

after operation 

1938 

McNealyll 

r 

63 

Transduodcnal excision and reim- 

Recoaered Jaundice re 


(McNealy Rner 



plantation of common duct and 

curred in 16 mos due to 


and Rapina) 



duct of 4 A irsung 

stneture at site of im- 
plantation, cholecy sto- 
gastrostomy then per 
formed Living and aa ell 

26 mos after excision of 






tumor 

1939 

Ri\ er|| 

M 

SS 

Transduodcnal excision and reim- 

Jaundice recurred in 8 mos 





plantation of common duct, duct 

due to stricture site of 





of Wirsung not seen 

implantation, cholecysto 
jejunostomy Recovery 

1939 

River II 

M 

SS 

Transduodcnal excision and reim- 

Well 9 mos after operation 





plantation of common duct and 
duct of Wirsung, cholecy stostomy 


1940 

Maddockll 

M 

36 

Resection of duodenum and end 

Death on 14th day of peri- 





to end anastomosis of duodenum 

tonitis 


reimplantation of common duct, 
cholecystectomy 


II Collected by Hunt in 1941 
§ Collected by Whipple in 1938 
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Table I (Cortltnued) 

Sex Age Operation Result 

M 47 Whipple operation First stage Recovery Small pancreatic 

Choledochogastrostomy and pos- fistula persisting 7 mos 
tenor gastro enterostomy after operation 

Second stage Division and ligation 
of common duct resection of duo- 
denum and part of head of the 
pancreas 

M ’ First stage Cholecystojejunostomy Recovery Pancreatic fis- 

jejunojejunostomy, posterior gas- tula developed but vas 
tro enterostomy nearly closed on 2Sth 

Second stage Resection of duodenum postoperative day 
and part of head of the pancreas, 
ligation of common duct and duct 
of Wirsung 

M s8 Tvo-stage operation, Whipple radi- Well free of jaundice, re- 

cal resection of duodenum and gained i\ eight is mos 
part of head of the pancreas after operation 

F 72 One-stage transduodenal excision Living 33 mos after opera- 

and reimplantation common duct tion, no jaundice but 

and duct of Wirsung T-tube with metastases 

choledochostomy 

F 60 One stage Whipple operation, chole- Recovered and in good 

cystogastrostomy, postenor gas- health l yr after opera- 

tro enterostomy, resection of du- tion Pancreatic biliary 

odenum and part of head of the fistula persisted until the 

pancreas, division and ligation of 33rd postoperative day 

common duct and duct of Wirsung 

F 43 First operation Cholecystectomy Recovery T-tube removed 

and T-tube choledochostomy from common duct on 

Second stage Total duodenectomy 8th postoperative day, 

and cautery excision of part of the no external biliary drain- 

head of the pancreas jejunopan- age after iith postopera- 

creatostomy jejunocholedochos- tive day 

tom> and posterior gastro enter- 
ostomy 

II Collected b> Hunt in 1941 

Posfopci ative and Subsequent Coutse — After three days, some pigment appeared in 
the bile as it drained from the choledochostomj tube, and the pigment became of gross 
normal concentration by the eighth day The tube was removed on the eighteenth day 
and the patient was dismissed from the hospital on the twenty-ninth postoperative day 
with the wound healed and her geneial condition good Ten months after the operation 
the patient had gained 35 pounds, and was feeling veiy well except for symptoms refer- 
able to the previously noted huge left hydroiiephrotic kidney On Julj i, 1935, a left 
nephrectomy was performed 

At about October i, 1935, or 14 months after the original operation, the patient 
developed some discomfort 111 the chest and vomited occasionally Six months later 
considerable weight had been lost and difficulty in swallowing was experienced Sub- 
sequent esophagoscopic examination revealed a stricture at the level of the arch of the 
aorta There never was recurrence of jaundice, but the patient’s decline continued and 
death occurred, September 9, 1936, nearly 25 months after excision of the tumor of the 
ampulla 

Autopsy — Anatomic diagnosis (i) Extensive carcinoma of the retroperitoneal tissues 
and the mediastinum secondary to carcinoma of the ampulla of Vater (2) Marked 
stenosis of the esophagus, trachea, and aortic arch from neoplastic iinolvement of the 
superior mediastinum 

Case 2 —St Vincent’s Hospital, No 3282-38 A woman, age 72 on kla> 13, 1938 
stated that for 12 years she had had recurring attacks of upper abdominal pain, nausea 
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and vomiting There was some jaundice for a few days following an attack of pam 
12 years ago Roentgenologic examination of the gallbladder was said to have visualized 
stones Following the last severe attack of upper abdominal pam three weeks before 


Fig I Tic 2 



Fig 3 Fig 4 


Fig I — Tumor of the ampulh of Votci \isinlizcd upon opening the duodenum (Cose 1 ) 

Fig a — f rmsduodenal cautery excision of tumor — method cmploj ed in Cases i and 2 
Fig 3 — Marked dilatation of the common and pancreatic ducts (Case i) 

Fig 4 — Common and pancreatic ducts reiiuplanted into the posterior uall of the duodenum. 

admission, the patient became moderately jaundiced and some jaundice persisted, with 
dark urine and clay-colored stools The patient had lost 20 pounds in weight 

Upon examination, the patient was poorly nourished, weighed 84 pounds, and was 
moderately jaundiced Blood pressure 170/90 The liver edge was palpable at the level 
of the umbilicus and was tender The gallbladder was not palpable General phtsical 
examination was otherwise essentially negative 
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Laboiatojy Uafu— Uranalysis Specific gravity 1020, acid reaction, a trace of albu- 
min, no sugar, and microscopic elements were absent with the exception of a few pus 
cells The concentration of the hemoglobin was 13 Gm per 100 cc of blood (78 per cent), 
RBC 3,820,000, WBC 6,700, with a normal differential count, the bleeding time was 



Fig s — Photomicrograph of Case i Adenocarcinoma, Grade III 
(left X128, right X245) 



Fig 6 — Photomicrograph of Case 2 Adenocarcinoma, Grade 
III (left X128, right X24S) 


two minutes and the coagulation time was five and one-half minutes A diagnosis of 
common duct obstruction, most probably stones, was made 

Opctaiton — (Hunt) June 4, 1938 Transduodenal cautery excision of the ampulla 
of Vater, with reimplantation of the common duct and the duct of Wirsung into the 
posterior wall of the duodenum, and T-tube drainage of the common duct The gall- 
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bladder was found to be greatly distended and the common duct was dilated to about 
I 5 cm m diameter Through aspiration of normal colored bile the gallbladder was 
collapsed and found to contain no stones Evploratorj choledochotomj was unproductive 
of stones in the commn duct, but an olive-tippcd probe met obstruction at the ampulla 
A tumor, about i cm in diameter, in this area was palpable after the second and third 
portions of the duodenum had been mobilized The anterior wall of the duodenum i\as 
incised and the tumor m\olving the ampulla pro\ed to be mobile and not attached to 
the pancreas A transduodenal cauterj excision of the tumoi c\as made as m Case i, 
and, similarlj, the severed dilated common duct and duct of Wirsung were reimplanted 
into the posterior wall of the duodenum Ihe incision m the duodenum was closed as 
was the fundus of the gallbladder at the site of its aspiration, and drainage of the 
common duct was instituted by a T-tubc Pathologic Diagnosis Adenocarcinoma of the 
ampulla of Vater Grade III (Fig 6) 

Postopci alive and Subsequent Coiiise — Twentj-four hours after operation the tem- 
perature was 102° F pulse 140, following which time impro\emeni continued until the 
ninth daj, when there was some gastric retention, which was controlled within 24 hours 
bj gastric suction drainage Consalescencc continued satisfactoriI\ Lipiodol injection of 
the T-tube, on the eighteenth das, stiowed the material entering the duodenum, and the 
T-tube was remosed The patient was dismissed from the hospital on the forts -tiiird 
postoperative das, svith the svound healed and general condition good 

The patient remained entirelj sscll until about October i, 1939, approximatels 15 
months after the operation, sshen loss of appetite and s\ eight occurred, svith nausea, but 
no s'omitmg Abdominal examination rescaled a Iiard, nodular, tender mass m the 
upper right quadrant of the abdomen ss’hich suggested rctrojicritoncal metastases There 
has been a gradual decline since that time, but on '\pril i, 1941, 34 months after opera- 
tion the patient is still Using, ssithout recurrent jaundice, but ssith metastases 

Case 3 — St Vincent’s Hospital, No 2448-40 A ssoman age 60, stated, on Jifarch 
13, 1940, that four months presiousls painless jaundice had developed and had become 
progressive!} more intense A ss eight loss of 50 pounds had occurred from a normal 
sseight of 185 pounds There neser had been ans biharj colics or o*hcr ssmptoms 
referable to the biliary tract The boss els had been constqiated, and no gross blood 
had ever been observed 111 the stool Marked edema of the losser extremities had de- 
veloped during the preceding tsso months 

Upon examination, emaciation ssas marked and jaundice svas intense There svere 
areas of exconation and multiple pustules ovei the entire bods and extremities The 
svcight svas 136 pounds Blood pressure 118/80 The positisc findings on phssical 
examination svere the hscr enlarged to the Icscl of the umbilicus, a paljiable, dis- 
tended gallbladder, complete uterine prolapsus, and edema of the losser extremities to 
the knees (Grade 3) 

Labomtoiy Data — Uranalvsis Specific gras its 1019 acid reaction, albumin 3-}-, 
bile 4, no sugar, nncioscopic elements absent except for a few pus cells The concen- 
tration of the hemoglobin svas 14 4 Gm per 100 cc of blood (68 per cent) , R B C 
3,620,000, WBC 8,000, svith a differential count ssithm normal limits, the bleeding 
time svas one minute and the coagulation tune svas foui and one-half minutes the 
prothrombin time svas not taken until vitamin K and bile salts had been administered 
for four days, at svhich time it svas 98 per cent of normal (patient 44 seconds, contiol 
42 seconds) The urea content of the blood ssas 20 mg No roentgenologic studies 
svere carried out, as a diagnosis of carcinoma of the head of the pancreas or of the 
terminal common duct seemed justified After 12 days' hospitalization and preopeiative 
treatment operation was performed 

Opeiatwn — (Hunt) March 26, 1940 The Whipple procedure 111 one stage, resec- 
tion of second and third portions of the duodenum and the head of the pancreas , ligation 
and division of the common duct, division and ligation of the duct of Wirsung, chole- 
cystogastrostomy , posterior gastro-enterostomy and choledochostom} , and transfusion 
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of 500 cc of citrated blood during the operation The distended gallbladder was emptied 
of 150 cc of normal colored bile There were no gallstones The common duct was 
found to be dilated to fully i 5 cm in diameter and admitted the index finger A tumor, 
at least 2 cm in diameter, was palpated largely within the duodenum, but with some 
fixation and apparent involvement of the head of the pancreas Through an incision m 
the anterior wall of the duodenum, the tumor was accurately visualized and its extent 
determined (Fig 7) Even though the tumor invaded the pancreas, it seemed to be an 
operable lesion, not through transduodenal excision, but through the utilization of 
Whipple’s procedure The duodenum was divided about 2 cm distal to the pjdorus and 
the proximal duodenum was inverted The distal duodenum was divided at approximately 
the juncture of the third and fourth portions and the distal duodenum was inverted 



Fig 7' — Artists illustration of the tumor in Case 3, Msualized upon opening 
the duodenum Insert is artist’s illustration of sagittal section of tumor 

Approximatelv three inches of the duodenum containing the tumor were removed en 
viassc with part of the head of the pancreas which was resected with the actual cautery 
during which procedure the common duct, i 5 cm in diameter, and the duct of Wirsung, 
8 Mm in diameter, were divided, with the escape of fully an ounce of pancreatic secre- 
tion (Fig 8) The common duct and the duct of Wirsung were ligated with heavj 
silk The severed surface of the pancreatic head was sutured with interrupted sutures of 
silk and the suture line covered with omentum A T-tube was placed in the common 
duct , a cholecystogastrostomy was performed , and the operation completed bj a posterior 
gastro-enterostomj (Fig 9) Two Penrose drains were inserted to the site of resec- 
tion Pathologic Diagnosis Adenocarcinoma, Grade II, of the ampulla of Vater, ^\lth 
invasion of the pancreas (Fig 12) 

Postopciativc and Sitbscquenf Com Considerable shock was manifested, and on 
the day following the operation a transfusion of 600 cc of citrated blood was admm- 
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istered Progress was entirelj satisfactory until the evening of the sixth day, when 
considerable bleeding occurred from the wound (It should be stated that suction 
drainage of the stomach had been instituted immediately after operation and vitamin K 
had been discontinued ) A prothrombin time determination at the time of bleeding 
from the wound was 20 per cent of normal (patient 182 seconds, control 38 seconds) 
Immediate administration of vitamin K and bile salts controlled the hemorrhagic tend- 
ency On the daj following the bleeding from the wound, profuse serous drainage oc- 



Tig 8 — Artibt's illustrntioii of cniitcr> resection of pirt of 
the bend of the inncrcns nnti second nnd third iiortions of the 
dnodennni, cii bloc in C^sc 3, nnrke<l dihtrtion of the common 
duct ond duct of irsuiig 

curred, w’hich had the characteristics of pancreatic secretion This drainage continued 
copiouslj, and on the eighth postoperative daj a catheter was inserted into the wound 
and through suction applied by the electric pump the w'ound w’as kept drj and the 
amount of secretion, w'liich now' contained bile, was measured Continuous suction was 
maintained for 19 da3's, or until the tw'entj -seventh postoperative daj, and the amount 
of pancreatic secretion and bile from the w'ound w'as recorded (Table V) The sinus 
tract was then firmly packed with gau/e, which allow'ed the w'ound to heal The 
patient was dismissed from the hospital. May 13, 1940, 48 days after operation, wath the 
wound entirely dry The patient has been seen on a number of occasions, and has 
continued to make satisfactory progress She is entirelj' w'ell, March 26, 1941, one year 
after operation, with no evidence of recurrence (Fig 13) 

Case 4 — St Vincent’s Hospital, No 479-41 A w'oman, age 43, w'as admitted to St 
Vincent’s Hospital, January 29, 1941 The patient’s general health had been good until 
November, 1940 Thereafter, backache and digestive disturbances characterized by poor 
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appetite, nausea and vomiting, and diarrhea without biliary colic comprised the chief 
complaint until about January i, 1941, when jaundice developed, which became progres- 
sively more intense during the ensuing month During this time 13 pounds loss of 
weight occurred 

Upon examination, the patient exhibited some emaciation and moderately deep, 
generalized icterus Physical examination was essentially negative Neither the liver 
1101 gallbladder was palpable Blood pressure 124/84, weight 103 pounds 



Fig g — Artist’s illustration of the operation completed in 
Case 3 Resection of part of the head of the pancreas and second 
and third portions of the duodenum en bloc, cholecystogastrostomy 
and posterior gastro enterostomy all accomplished in one stage 



Fig 10 — Photograph of the 
resected duodenum in Case 3 
showing the extent of the pen 
ampullar j inaoKement of the 
duodenum 


Fig II — Photograph of sagittal section of 
the resected specimen in Case 3 showing marked 
dilatation of the common duct and duct of 
Wirsung, the projection of the tumor into the 
lumen of the duodenum, and invasion of the 
head of the pancreas bv tumor 
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Laboiatoty Data — Uranalvsis gave negative results, with the exception of an occa- 
sional pus cell and red cell The concentration of the hemoglobin was 105 Gr per 100 
cc of blood (63 pel cent), RBC 3,280000, WBC 8,000, with approximately a 
normal differential count, blood cellular eliaractcn sties are here omitted The prothrom- 
bin time was 93 per cent of normal, icteric index 302, the benzidine leaction for occult 
blood m the stool was positive Gallbladder dye studies disclosed practically no dye m 
the gallbladder, but, instead, a calcified gallbladder was Msuahzed Films of the chest, 
kidiievs, ureteis, and bladder were negatne Roentgenologic examination of the stomach 



I'lG 12 • 


-rhotomicroKnph of Case 3 
II (kft Xi 28, ribht 


Adcnocnrcinonn 

X245) 


Grade 



Tir 13 — Photoffraph of the 
p vticnt (Ca'^e 3) March 26, 
1941 one jear after operation 


and duodenum was negative, except for hyperpcristalsic 
and rapid clearance of the Iiarium from the stomach 
Fluroscopic examination and films of the colon disclosed 
the absence of the right colon Picopciatwc Diacjitosts 
Calculous disease of the gallbladder and common duct 

Fnst Opciation — (Hunt) rebruara 1,1941 Chole- 
cy'stectoniv for calculous disease of the gallbladder and 
T-tube choledochostomy Upon opening the abdomen, a 
thick-w'allcd gallbladder, adherent from a precious pro- 
tective perforation, was found contracted dowm on a single 
large stone The common duct w'as greatly' dilated However, exploratory choledochotomy 
was unproductive of stone m the common or hepatic ducts An olive-tipped probe passed 
into duodenum w'lth sufficient difficulty to suggest neoplastic obstruction of the terminal 
portion of the common duct The duodenum was mobilized sufficiently for palpation of 
the second portion of the duodenum and head of the pancreas, m order to provide assur- 
ance (which subsequent events proved to be false) that neoplastic disease did not exist 
The findings seemed to justify the assumption that pancieatitis existed and was responsible 
for the obstructive jaundice T-tube drainage of the common duct was instituted (Occult 
blood 111 the stool was disregarded ) 

Postopeiativc Coiuse — The T-tube w’as clamped off and the bile w'as diverted into 
the duodenum on the tw'elfth day, and no leakage of bile occurred for nearly' a w'eek, 
when profuse drainage of bile around the tube occurred A cholangiogram, made on 
the nineteenth postoperative day', disclosed a complete block at the terminal portion of 
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the common duct Cholangiographic studies were lepeated on the thirty-second day, 
uhich again disclosed complete obstruction of the terminal common duct Occult blood 
was again found m the stool, which, in spite of the pievious findings at operation, 
justified the diagnosis of a tumor in the periampullary region of the duodenum 

Second Opciation — (Hunt) March 5, 1941 Total duodenectomy and cautery ex- 
cision of part of the head of the pancieas, jejunopancreatostomy , jejunocholedochostomj 


FIG 14 FIG 15 



Fig 14 — Artist’s ilhistntion of cii bloc total diiodenectom> and cautery resection 
of part of the head of the pancreas in Case 4 (cho!ec\ stectoma for calculous diseases of 
the gallbladder and T tube drainage of the common duct four weeks preMously) Insert 
IS artist’s illustration of periampullary inroKement of the duodenum 

Fig 15 — Artist’s illustration of operation in Case 4 completed by a longloop pos 
terior gastro enteiostomj, pancreaticojejunostomy and choledochojejuiiostomy 

and posterior gastro-enterostomy , T-tube diamage of the common duct was maintained 
Upon mobilization of the duodenum, an indurated, somewhat fixed mass in the posterior 
wall of the duodenum involving the head of the pancreas was encountered which, through 
an incision m the duodenum, proved to be a peiiampullary carcinoma The incision 
m the duodenum was closed and an extensive lesection was carried out Because of 
the extensiveness of the induration, only through resection of the entire duodenum from 
the pylorus to well beyond the ligament or muscle of Treitz with cautery resection of 
pait of the head of the pancreas, could the neoplastic iirvolvement be removed (Fig 14) 
A long-loop posterior gastro-enterostomy facilitated drawing the proximal jejunum up 
thiough the opening in the transverse mesocolon to suture the open end of jejunum 
completely over the severed head of the pancreas in a manner to also include and receive 
the terminal portion of the common duct (Fig 15) A tiansfusion of about 600 cc of 
citiated blood was administered during the operation Pathologic Diagnosis Adenocar- 
cinoma of the papilla of Vater, Grade III, with extensive involvement of the duodenum 
and extension to the head of the pancreas and adjacent lymph nodes (Fig 18) 

Postopci ativc Collide — At no time postoperatively did the temperature exceed 101° 
F Drainage of bile around the loosely htting T-tube was piofuse for about five days, 
after which an electric suction pump facilitated measurement of tlie drainage which did 
not exceed 500 cc in 24 hours The T-tube was removed from the common duct on 
the eighth day, and drainage of bile from the wound ceased on the eleventli postoperatne 
day There was no external loss of pancreatic secretion at anj time The patient was 
dismissed from the hospital m excellent condition on March 29, 1941, 24 dajs following 
the resection 

Discussion — Usually, as carcinoma is encounteied in this situation its 
exact site of origin is entiiel)'^ indeterminate Even though these lesions are 
fiequently spoken of as ampullary caicmoma, there is much to support the 
idea that carcinoma aiising within the true ampulla of A'ater is extremely 
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rare Hanot teimed this lesion cancel dn pyloie pana caUco-bilhai e to dis- 
tinguish it from those periampullary lesions oiiginating m other stiuctures 
Lieber, Stewait, and Lund have recently veiified the statements of Rolleston, 
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Tig 17 

Fig i6 — Photognph of the imicosal surface of the duodenum in Case 4 
showing the extent of the tumor 

Fig 17 — Photograph of the exterior of the duodenum and resected head 
of the pancreas with seseral inaohed regional lymph nodes, marked dilata 
tion of common duct Duct of Wirsung entered the common duct proximal 
to the tumor and was not dilated (Case 4) 

Springei, and otheis, m that, for the most part, these penampullaiy lesions 
are primaiy eithei m the teiminal portion of the common duct, in the pan- 
el eatic duct, 01 in the intestinal mucous membiane overlying the papilla of 
Vatei As these lesions are encounteied upon surgical exploration or at 
necropsy, all of these structures including the ampulla of Vatei usually are 
involved m the neoplasm, and can be designated only under the broad term, 
neoplasm of the periampullary region of the duodenum Practically all 
malignant lesions occuriing m the periampullary region are carcinomata, most 
frequently adenocarcinoma or papillary carcinoma, although spindle cell sai- 
coma and melanoma have been leported 
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Early metastases aie not fiequent because, as Coopei has stated, the 
lesion, by virtue of its strategic position, pioduces obstiuctive symptoms eaily 
Howevei, that metastases to the reti opei itoneal lymph nodes, liver, lungs, 
etc, may and do ultimately occur is attested by an incidence of such me- 



ric i8 — Photomicrogiaph of Case 4 Adenocarcinoma, Grade III 
(left X128, right X245) 


tastases in appi oxunately 45 pei cent of the cases leviewed by Lieber, Stewart, 
and Lund, which, foi the most pait, weie the teiminal findings at necropsy 
and not those of surgical exploiation eaily in the course of the disease 
Invasion of the pancieas vas likewise a terminal finding at necropsy in 20 
per cent of the cases 

Diagnosis — ^The clinical manifestations of pei lampullary carcinoma are 
piactically always those of obstiuctive jaundice in which the distended gall- 
bladder, when palpable, in accoi dance with Curvoisiei’s law, leads to the 
diagnosis of neoplastic obstruction, usually carcinoma of the head of the 
pancreas That erior in the mterpietation of diagnostic criteria may occur, 
IS indicated b)'’ Ransom’s stud)'- of 109 cases of caicinoma of the pancreas 
and bile ducts, veiified by opeiation or at necropsy, in which the lesion m 
nine cases was periampullaiy The relative fiequency with which localized 
and entiiely operable periampullary lesions aie found at necropsy in individ- 
uals who have not been affoided the oppoitunity or who have been denied 
the piivilege of suigical exploiation tluough assumed clinical diagnostic accu- 
lacy and asseited futility, emphasizes the necessity for suigical exploiation 
in all cases in which the cluneal evidence indicates neoplastic obstruction of 
the terminal portion of the common duct 

Cooper, in I 937 j ^.nd Lieber, Stewart, and Lund, in 1939, very thoioughly 
detailed the clinical manifestations of pei lampullary neoplastic disease It is 
W'orthy of note that lesions in this situation occur in comparative youth 
While the aveiage age for 92 out of 124 cases (Table I), where the age w'as 
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recorded, was 509 yeais, the age was 35 yeais 01 less in eight cases, the 
youngest individual operated upon Avas age 17 In many instances pain Avas 
an important symptom, frequently of sufficient seA'ei ity to Avarrant a diagnosis 
of calculous obstiuction of the common duct, yet seldom Avas calculous disease 
of the common duct associated Avith pciiampullaiy neoplastic disease The 
piesence of occult blood in the stool may seldom be disiegaided AA’hen obstruc- 
tive jaundice exists Denechau ef al hdA'e suggested that biliaiy obstruction, 
intractable diaiihea and intestinal bleeding may give the clue to the diagnosis 
of ampullaiy caicmoma In Coopei’s study of 14 cases, occult blood Avas 
present in nine of r i cases m Avlnch such investigation Avas made 

Roentgenologic studies liaA^e been of little diagnostic aid m eaily peii- 
ampullaiy disease Hoffman and Pack lejioited the 1 oentgenologic findings 
in 16 cases of caicmoma of the duodenum, seven of Avhich Avere pei lampullarA’' 
lesions Obstiuction 111 the second poition of the duodenum Avas demon- 
stiated 111 one of these, and 111 tAA'o cases theie A\as siv-houi gastiic letention 
Cooper lepoited the 1 oentgenologic findings 111 ten cases of peiiampullaiy 
caicmoma Obstiuction at the IcA'^el of the ampulla was noted 111 foui cases, 
a filling defect 111 the duodenum in one case and some flattening of the poste- 
1101 AA'all of the duodenum in anothei case Posilne 1 oentgenologic findings 
in patients opei ated upon dm mg 1 ecent a eai s aa ci e exhibited m cases 1 epoi ted 
by Biunschwig and Childs Roschei, and On Cholangiogiaphic studies 
levealmg complete obstiuction of the teiminal poition of the common duct 
m conjunction A\ith occult blood m the stool jnovidcd the basis for the 
clinical diagnosis of peiiampullai}'^ caicmoma 111 Case 4. heiem lejjoited 
Suigjcal P)Oceduic<; — In 7^ pci cent of the 124 cases here collected, sui- 
gical extiipation of peiiampullaiy caicmoma Avas accomplished by tians- 
duodenal excision, and by 1 etioduodenai excision, resection of the duodenum 
alone 01 Avith a pait of the head of the pancieas in the remaindei In 21 
cases, tiansduodenal excision alone AAas employed A\ith appaientl} no attempt 
at restoiation of biliaiy and panel eatic ductal continuity Avith the duodenum 
In the 57 cases, hoAvevei, in Avhich the common and panci eatic ducts Avere 
divided in the couise of excision of the tumoi, these stiuctines Avere le- 
implanted into the posteiior AAall of the duodenum In appi oximately one- 
half of the cases in Avhich these ductal stiuctmes Aveie leimplanted inteinal 
biliary drainage thiough some anastomotic piocedure 01 external diaiiiage 
of bile Avas piovided Internal 01 external diainage of bile was likewise 
piovided in 15 cases m Avhich the common duct and panci eatic ducts Aveie 
not leimplanted This lattei pioceduie and lesection of the duodenum Avith 
end-to-end anastomosis, and one 01 anothei of the A^aiious methods of dis- 
posing of bile and panci eatic secietion haA^e jnoA^ed the most hazardous 
methods of dealing Avith obstiucting lesions in this situation (Table II) 
Transduodenal excision, Avith one 01 anothei method of dealing with bile 
and pancreatic secretion, Avas actually employed m 85 pei cent of the cases 
until about 1935 AdA'-ances Avhich had been made in the surgiced extnpation 
of adenomata of the islet cells of the pancieas and in lesection of poitions of 
the pancreas in hyperinsulinism paved the Avay for Whipple and his asso- 
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Tvble II 

SURGICAL PROCEDURES IN 1 24 RADICAL OPERATIONS TOR CARCINOMA OP THE AMPULLI. OE \ ATER 

(1898-1941) 


Operation No 

Transduodenal excision 93 

of Cases 

Deaths 

27 

Per Cent 

29 0 

Transduodenal excision only 

21 

8 

38 0 

Transduodenal excision w ith reimplantation of common duct 
or common duct and pancreatic duct 

30 

5 

16 6 

Transduodenal excision with reimplantation of common duct 
or common duct and pancreatic duct with internal or external 
biliary drainage 

27 

7 

25 9 

Transduodenal excision without reimplantation of common 
duct or pancreatic duct with internal or external biliarj 
drainage 

IS 

7 

46 6 

Retroduodenal excision 5 


2 

40 0 

Resection of duodenum with implantation of common duct or 
common duct and pancreatic duct and end-to end anastomosis 
of duodenum 1 1 


5 

45 4 

Resection of duodenum and head of pancreas 15 


4 

26 6 

Total 124 


38 

30 6 


ciates to devise and cany out the two-stage opeiation foi periampullai y caici- 
noma, wlieiem the duodenum and pait of the head of the pancreas are 
lesected en bloc Since the piesentation of this proceduie by Whipple, Par- 
sons, and Mullins, in 1935, appioximately 50 per cent of the cases of peri- 
ampullai y caicmoma have been operated upon b}^ their method 

Graham and others have demonstiated that a laige pait of the pancieas 
can be excised and that the mam panel eatic ducts may be ligated, which has 
provided an appioach to ampullary carcinoma invading the head of the pan- 
creas inoperable to ti ansduodenal methods Biunschwig, in 1937, cairied 
out, foi the first time, this ladical two-stage operation for caicmoma of the 
head of the pancreas Preservation of external panci eatic secretion is desii - 
able, but the pioblems of panci eato-intestmal anastomosis are gieat Kerr 
suggested, m 1914, a method of capping the head of the divided pancieas wnth 
the distal end of the duodenum How'evei the panci eatic capsule does not 
leadily lend itself to such an anastomotic procedure Tenani, m 1922, 
Nemenyi, in 1935 ) ^.nd Hunt in 1941, each accomplished such an anasto- 
mosis follownng lesection of the duodenum and head of the pancreas for 
ampullai}' caicmoma 

The mortality rate of suigical extirpation of ampullai} carcinoma in the 
124 collected cases w-as 306 pei cent However, dm mg the past 15 years 
the mortality late has been materially 1 educed In the 58 cases, collected by 
Cohen and Colp, the moitality rate was 41 3 pei cent wdnle in 66 cases 
opeiated upon since 1925 it was 21 2 per cent (Table III) A trend toward 
the tw^o-stage operation has developed during the past 15 }ears, not only as 
pertains to ladical lesection ot the duodenum and part of the head of the 
pancreas, but in ti ansduodenal excision as well Whereas there were eight 
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Table III 

COMPARATIVE MORT\LITV RATE IN 58 CASES (1898-I92S), \ND 66 CtSLS (192S-I941) 

1898-1925 1925-1941 


Operation No of Cases Deaths Per Cent No of Cases Deaths Per Cent 


Transduodenal excision 

46 


20 

43 4 

47 


7 

14 9 

Transduodenal excision only 


16 

8 

50 0 


s 


0 0 

Transduodenal excision m ith reim- 
plantation of common duct or com 
mon duct and pancreatic duct 


TS 

3 

20 0 


IS 


2 n 3 

Transduodenal excision s\ ith reim- 
plantation of common duct or com- 
mon duct and pancreatic duct v ith 
internal or external biliary drainage 


8 

4 

SO 0 


10 


3 IS 8 

Transduodenal excision without 
reimplantation of common duct or 
pancreatic duct with internal or 
external biliary drainage 


7 

5 

71 0 


8 


2 25 0 

Retroduodenal excision 

4 


2 

so 0 

I 


0 

0 

Resection of duodenum, with implan- 
tation of common duct or common 
duct and pancreatic duct and end to- 
end anastomosis of duodenum 

8 


2 

25 0 

3 


3 

100 0 

Resection of duodenum and head of 
pancreas 

0 




15 


4 

26 6 

Total 

58 


24 

41 3 

66 


14 

21 2 

two-stage opeiations in the fiist 58 

cases, collected 

by Cohen and Colp, there 


were 20 two-stage opeiations in 66 cases, collected since 1925, with a mor- 
tality rate of 25 per cent as compaied to 195 pei cent in 46 one-stage 
operations 

In the past, opeiative and postopeiative bleeding has been the chief hazard 
of the suigical proceduies for extnpation of ampullary carcinoma Hemoi- 
rhage accounted for 31 per cent of the deaths, when the cause of death was 
stated (Table IV) Hoivever, it is moie than probable that the cause of 

Table IV 

CAUSE 01 DEATH IN 38 CVSES (189S-1941) 


Cause 

No of Cases 

Per Cent 

Hemorrhage 

12 

31 5 

Pentomtis 

5 

13 I 

Duodenal fistula 

3 

7 8 

Shock 

2 

5 2 

Pneumonia 

2 

5 2 

Not stated 

14 

36 8 


death was hemorrhage in tully 50 pei cent of the cases, had the cause of 
death been stated m each instance Pentomtis, duodenal and pancreatic 
fistula, shock and pneumonia likewise have been rather prominent and impor- 
tant causes of death Among the postoperative complications, duodenal and 
pancreatic fistulae materially prolong convalescence and provide many prob- 
lems m their management 
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Panaeatic Fistula — The amount of secietioii which may be lost thiough 
the wound once a pancreatic fistula develops is at times surprisingly laige, 
particularly when the secretion consists of all the pancreatic secretion and 
bile Snyder and Lium, who intubated the duct of Wirsung following trans- 
duodenal excision of a carcinoma of the ampulla, collected the pancreatic 
secretion for I2 days There was great variation m the amount of pancreatic 
secretion each 24 hours, as influenced by many factors However, during the 
last four days in which drainage was maintained, the average daily output 


Table V 


DAILY 24-HOUR OUTPUT OE PANCREATIC SECRETION AND BILE 
(case 4) B\ SUCTION DRAINAGE 


1940 


Amount 

Cc 

Apnl 4 

From 9 30 A M 

I 3S0 

April S 


I 030 

Apnl 6 


I 800 

Apnl 7 


I 975 

Apnl 8 


I 680 

Apnl 9 


I SSO 

Apnl 10 


1,680 

Apnl II 


1,575 

Apnl 12 


1.250 

Apnl 13 


750 

Apnl 14 


1,500 

Apnl IS 


1.470 

Apnl 16 


1,600 

Apnl 17 


1,180 

Apnl 18 


1,200 

Apnl 19 


I 130 

Apnl 20 


920 

Apnl 21 


1,200 

Apnl 22 


940 

Apnl 23 

7 00 A M to 10 50 A M 

175 

Apnl 27 

From 10 so A M 

I 100 

Apnl 28 

7 00 A M to II 4S A M 

350 


of pancreatic secretion was 1,167 cc , with a maximum of 1,384 cc Bile- 
tinged secretion amounting to as much as 1,500 cc m 24 hours in Ransom’s 
case practically ceased by the eighteenth postoperative day In my own Case 
3, the measured daily output of secretion consisting of bile and pancreatic 
secretion averaged 1,356 cc for 19 days, with a maximum 24-hour output 
of 1,975 cc (Table V) A tendency exists for a pancreatic fistula to cease 
draining spontaneously if and when communication with the intestinal tract 
occurs Such spontaneous closure apparently occurred m the cases of Ran- 
som, Hunt, and Hollenbeig, even though eight to nine months elapsed in the 
latter case A pancreatic fistula persisted in Orr’s case at seven months, 
and after three months in Orator’s case In the latter instance, external 
diversion of secretion from the fistula to a jej unostomy was accomplished 
Results of Opoation — In general, the results of surgical extirpation of 
ampullary carcinoma have not been good (Table VI) The follow-up is 
entirely inadequate, and the ultimate result in those suiwning the operation 
IS not known, except as it was, for the most part, obtained from the original 
case report The information available to me disclosed that 41 per cent of 
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Itl SUITS IN 86 t\SI b WHICH bURMM I) KMIICM KLMO\ M OI CVRCINOMC 
OI Tlir \MI UI I \ OI \ \TI R \M) 1 I RI \MI Ul I AR\ I ORTION OT Till DUODI SUM 


Subsequent course not recorded 
Reported livinp and well 


1-6 months 8 

6-12 months ii 

1 2-1 8 months 5 

2 lears 2 

3 years 4 

4jearb* 3 

Siears i 

8 years 1 

9 j ears i 


LiviiiR with pancreatic fistula 

3 months and 7 months 
Living with metastases 

23 months and 3 years 
Death from recurrence or metastases 


Within 6 months 10 

6-12 months 6 

12-18 months i 

18-24 months 3 

24-30 months 4 

30-36 months i 

56 months I 

Death from other causes without c\ idence of recurrence or metastases 
8-12 months 3 

2 ) ears i 

3 >cars 1 


15 

36 


2 


2 

26 


S 


• One of these (Koertc s Case 2) was reported by Muller and Rode 
maker also b> Whipple Parsons and Mullins to have survived 22 years 

the patients suiviving the operation weie living and well up to nine years 
One of these, Koerte’s Case 2 (Table I), opeiated upon in 1905, was reported 
by Muller and Rodeinaker, and also by Whipple, Parsons, and Mullins to 
have survived foi 22 years Iwo other cases (Van Ardenne and Van 
Remynse) which were not available to me, were lepoited by Mullei and 
Rodemakei living five and six years, lespectively It vould appeal that 
perhaps 12 persons, or approximately 14 per cent, of those who suivned 
the operation were living and well foi peiiods vaiying fiom thiee to 22 3Tears 
That one may live foi some time, even with recuiience and metastases, is 
proved by the case leported by Muller and Rodeinaker, in which the patient 
survived four years and eight months aftei operation Death from lecur- 
rence or metastases occuiied in 30 pei cent of the cases within one year or 
theieabouts, but several patients lived foi fiom two and one-half to thiee 
years 

That radical surgical piocedures aie nan anted early m penampullaiy 
carcinoma, is emphasized by the statistical leview of Liebei, Stewait, and 
Lund Ninety-seven of 100 patients who weie not operated upon Ined from 
two weeks to 28 months, an aveiage of 6 6 months Sixty-one, or two-thirds 
of these, died within six months, while 90 per cent lived less than one year, 
and interestingly enough, foui lived for fiom 22 to 28 months Palliative 
operation was peifoimed foi the lelief of jaundice, with a moitahty rate of 
764 per cent within the first 19 days, nine survived fiom one to 60 months, 
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an aveiage of 19 months, and thiee weie living at the end of four, four 
and one-half, and 42 months, lespectively Ceitainly, the moitahty late of 
ladical opeiation thioughout the eiitiie peiiod since Halsted’s hist ladical 
opeiation, has been mateiially less than that foi palliative opeiations Judd 
and Hoeinei have stated that patients who suivive resection or excision live 
longei than those in whom simple palliative opeiations aie peifoimed 

Even though part of the head of the pancieas was included 111 the lesection 
of the duodenum foi pei lampullai y caicmoma by Kausch, m 1909, Hiischel, 
in 1913, Tenani, in 1922 and Denks, 111 1929, the ladical operation of 
Whipple. Paisons, and Mullins piovides a method foi lesection wide of the 
lesion, thiough which hope may be engendeied foi impiovement m the ulti- 
mate lesults of suigical extirpation of pei lampullai y neoplastic disease 

SUMMARY 

Foul cases aie lepoited in which caicmoma of the peiiampullaiy poition 
of the duodenum was successfully lemoved Tiansduodenal lesection of the 
ampulla of Vater and teimmal poition of the common and pancreatic ducts, 
with 1 eimplantation of these ducts into the posteiioi wall of the duodenum 
compi ised the sui gical pi ocedui e m two cases , the vai lous procedui es facili- 
tating resection of the duodenum and head of the pancieas by the method 
of Whipple, Paisons, and Mullins in two stages was successfully earned out 
111 one-stage m one case, m the fouith case, cholecystectomy for calculous 
disease of the gallbladdei and T-tube diainage of the common duct pieceded 
the second-stage opeiation of total duodenectomy, resection of the head of 
the pancieas, panel eaticojej unostomy, choledochojej unostomy and posteiior 
gasti o-enterostomy 

A collective leview of 124 cases of ladical operation foi ampullaiy caici- 
noma is piesented, which piovides the basis foi an analysis of the vaiious 
suigical procedui es then moitahty late, and the lesults, 111 geneial, of rad- 
ical extiipation of neoplastic disease in this situation 

Abstracts of 32 cases, not pieviously collected, are appended 

ABSTBACTS OF 32 CASE REPORTS OF RADICAL OPERATION FOR CARCINOMA 
OF THE AMPULLA OF VATER, COLLECTED SINCE 1935 ''' 

*The first ii of these vere opented upon pievious to 1935, but uere not included in the col 
lectne rerieus of Cohen and Colp, in 1927, Hunt and Budd in 193S, or bj Whipple, Parsons, and 
Mullins m 1935 

BOHM (reported b\ Ken) The p itient a man age 32 six weeks previous to admission, de 
V eloped jaundice not accompanied bj pain, loss of appetite, weight or strength A diagnosis was made 
of tunioi of the head of the pancreas or the ampulla of Vater At operation, Maj, 1910, transduo 
denal excision of a hazelnut sized tumor of the ampulla was made and the common duct and the 
duct of Wirsung were reimplanted into the posteiior wall of the duodenum The pathologic report 
was adenocarcinoma 

Subsequent Couise Two jears after opeiation the jaundice leciirred and a posterior gastro 
enterostonij was perfotmed for local recurrence The patient lived nearl> one jear thereafter 

SCHUSSLER (two cases) Case 1 The patient a man age 43, had had painless jaundice foi 
three months At operation a tunioi at the ampulla of Vater was found A resection of the duo 
denum was performed and the common duct and duct of Wirsung were reimplanted into the duodenum 
The patient died of hemorrhage on the ninth dav The pathologic repot t was carcinoma of the 
ampulla of Vater 
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Case 2 — A tvonnii, ii,t 34, Ind had severe biliarj colic and jaundice of five weeks’ duration 
At operation, Julj 12, 1919, a transduodenal excision of the tumor of the ampulla was made and 
the common duct was reimplanted into the duodenum A posterior b istrocnterostomy was added 
The patient was leported to be in good health at the end of four months The pathologic report was 
carcinoma of the ampulla of Vatcr 

BLAD The patient, a woman, age 62 had for eight months graduallj progressive jaundice and 
heniorrh ige from the nose and from the intestinal tract At operation, rchiuarj 24 1920, a tumor 
about the size of an olive was p ilpated at the terminal portion of the common duct A transduo 
denal excision of this tumor was made with reimplantation of the common duct into the duodenum, 
16 months after operation the patient was m good health The pathologic report was adenocarcinoma 
of the ampulla of Vater 

BRENlsER (reported hv Lppinger and Walzel) The patient was a man age 58 who had had 
occasional gallbladder colics for nine vears Previous to admission, there had been upper right 
quadrant pain followed bj jaundice At operation in November, 1924 a tunior was jialpated in the 
second portion of the duodenum The duodenum was incised and the tumor of the posterior wall 
of the duodenum was excised The case is reported bj Epinngcr and Walzel as one of neoplastic 
obstruction of the terminal portion of the common duct 

EISEI SBERG (leported b\ Eiipingei and W’alzcl) (two casts) Eppingcr ind W’alzel report 
two cases of carcinoma of the ampulla of Vatcr which were removed hv transduodenal excision No 
statement is made of the disposition of the common duct or the duct of Wirsiing Rccoverj occurred 
in one of these patients and the other iiaticnl dieu on the third dav of hemorrhage 

I AGOS UGON, AND DOMINGUEZ The patient a man ige 41, had painless jirogrcssive 
jaundice of three months duration A diagnosis was made of probable neoplasm of the head of the 
pancreas At operation in April 1926 a transduodenal excision of a small tumor at the ampulla 
of Vater a little less than i cm in di inieter was accomplished The common duct was reimplanted 
into the posterior wall of the duodenum Death occurred 16 hours later from hemorrhage The 
pathologic report was carcinoma of the ampulla of Vater 

DE BEULE (three cases) The author opcrited upon three cases of carcinoma of the ampulla of 
Vater In each of two patients the tumor the size of a hazelnut was removed b> transduodenal 
excision with reimplantation of the common duct into the posterior wall of the duodenum In one of 
these patients, massive nietastases to the liver occurred within a few months after operation The 
other patient survived for three jears and died of influenza The tumor in the third patient, the 
size of a pigeons egg, was ulcerating and was removed bv resection of the duodenum with end to end 
anastomosis following which a choices stogastrostoniv was performed This patient died following 
the operation 

SNYDER AND LIUM The patient a man age 48, was admitted to the hospital March 31, 
1934 with a historv of jaundice of 12 weeks’ duration and a loss of weight of 35 pounds At 
operation a firm tumor about i 5 cm 111 diameter, at the ampulla of Vater was palpated Cliolecjsto 
duodenostoiii} was performed and the common duct was drained Five weeks later, a transduodenal 
excision of the tumor of the ampulla of \ ater was performed \ catheter was inserted into the 
dilated duct of Wirsung after the duct had been reimplanted into the posterior wall of the duodenum, 
and the catheter was brought out through the duodenum and anterior abdominal wall Catheter 
drainage of the duct of Wirsung was maintained for ii davs During the last four dajs of this 
period the average dailj output of pancreatic secretion amounted to i 167 cc A subsequent local 
recurrence necessitated another surgical procedure, with rccoverj Pathologic studies proved the 
tumor to be carcinoma, probablj originating in the common duct 

KAFKA A man age 52 had progressive, painless jaundice for about four months At opera 
tioii October 9, 1935, transduodenal excision of a bean sized tumor at the ampulla was accomplished 
and the common duct and the duct of Wirsung were reimplanted into the posterior wall of the duo 
denum Twentj months after the operation the patient was entirelji well, but two jears after the 
operation death occurred from unknown cause The pathologic report was carcinoma 

NEMENYI The patient, a man, age 42 had had progressive, painless jaundice for three 
months with a loss of weight of 40 pounds At operation, December 12 1935 a tumor was pal 

pated at the ampulla of Vater The duodenum containing the tumor and a small section of the pan 
creas were resected The pancreatic duct was not seen, but the common duct traversed the pancreas 
remaining The distal, open end of the duodenum was sutured over the head of the pancreas A 
loop of jejunum was anastomosed to the proximal duodenum and an entero anastomosis was made 
between the two limbs of the jejuiium Sixteen months aftei the operation the patient was entirelj 
well having regained nearlj all his weight The pathologic report was adenocarcinoma of the ampulla 
of Vater 

BUMM (reported by Geisthovel) A man, age 54, had had digestive disturbance for about two 
vears, without biliarv colic and had been jaundiced for about 18 months There had been occasional 
chills and fever and the jiatient hid lost 30 pounds in weight At operation, in Februarj 1936, a 
cherrj stone sized tumor at the ampulla of Vater was exposed through an incision 111 the duodenum 
A transduodenal excision of the tumor was accomplished and the common duct and the duct of 
Wirsung were reimplanted into the posterior wall of the duodenum A cholecj stoduodenostomj was 
made at the site where the duodenum had been opened Six months after operation the patient had 
gained 22 pounds, and was well The pathologic report was carcinoma of the ampulla of Vater 
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ORATOR A woman, age 48, had had epigastric discomfort foi two months, loss of appetite, 
and only slight jaundice Roentgenologic examination disclosed an obstructing lesion of the duodenum 
At operation, January 25, 1936, a hen’s egg sized tumor of the duodenum attached to the head of 
the pancreas ms found A posterior gastro enterostomj and cholecystogastrostomy comprised the 
first stage operation On Februiry 6, 1936, 12 da>s later, the second stage resection of the duodenum 
and head of the pancreas, uas performed, after the method of Whipple, Parsons and Mullins A 
pancreatic fistula developed shortly after operation and the daily loss of pancreatic secretion varied be 
tween 300 and 500 cc , which bj the end of about four weeks decrea^ed to 200 cc With a pan 
creatic fistula persisting a high jejunostomj was performed, so that the pancreatic secretion from 
the fistula could be injected into the jejunum The subsequent course is not reported The patho 
logic report was annular adenocarcinoma of the duodenum with invasion of the pancreas 

HYDE AND YOUNG A woman, age 76, was admitted to Faulkner Hospital, October 26, 1936, 
on account of jaundice for two weeks Blood in stool by guaiac test ++ on one of two occasions 
Prcopci atwc Diagnosis Carcinoma of the pancreas At operation, November 17, 1936, transduodenal 
excision of a tumor of the ampulla of Vater, i 5 by i by o 6 cm in diameter, with reimplantation 
of the common duct and the duct of Wirsttng into the posterior wall of the duodenum was accom 
plished The common duct was drained externallj Annual follow up studies have revealed an 
apparent cure after three years The pathologic report was adenocarcinoma of the ampulla of 
Vater 

HOLLENBERG (personal communication from Whipple) The patient, a woman, age 45, was 
mildlj jaundiced and had lost 30 pounds in weight There was blood in the stool In March, 1936, 
the first stage of the Whipple operation was performed, and one month later a resection of the 
duodenum and part of the head of the pancreas was accomplished for a carcinoma of the ampulla of 
Vater, about 3 cm m diameter A nomrritating pancreatic fistula developed which persisted for eight 
to nine months Following lipiodol injection of the sinus, which disclosed communication with the 
small intestine, the drainage ceased spontaneously Thereafter excellent health was experienced for 
a year and a half Clinical manifestations of local recurrence developed without jaundice and death 
occurred in February, 1939, slightlj less than three jears after the resection 

HOFFMAN AND PACK A man, age 58, had recurrent jaundice, chills and fever A diagnosis 
was made of an impacted stone in the common duct At operation, by Doctor Pickhardt, the common 
duct was found to be obstructed at the ampulla, but no stone was found, and the common duct was 
drained bj a T tube At the end of four weeks a copious hemorrhage occurred from the gastro 
intestinal tract and from the wound Following transfusion, a tumor involving the ampulla of Vater 
which was excised Death occurred six hours later The pathologic report was adenocarcinoma 

MALLET GUY A woman, age 56, had had repeated biliary colic, chills, fever and jaundice, 
had been operated upon several times and stones had been recovered from the common duct At 
operation, April 8, 1938, a transduodenal excision of a small tumor obstructing the ampulla of Vater 
was performed, and the common duct was drained externally Recovery occurred The pathologic 
report was epithelioma (^) 

McCABE The patient, a man, age 67, had had painless jaundice for three months, during 
which time the weight loss was 30 pounds Epigastric pain, vomiting and diarrhea were manifested 
during the three weeks preceding admission At operation, July 16, 1937, a tumor the size of a 
hen’s egg, mobile and soft in consistencj , was palpated in the second portion of the duodenum and 
transduodenal excision of the tumor was performed The common duct and the duct of Wirsung 
were reimplanted into the posterior wall of the duodenum The common duct was drained bj a T tube 
Bleeding from the wound, stomach, bowel and kidneys occurred on the fifth postoperative day and 
continued for a week, finally subsiding following daily transfusion The convalescence thenceforth 
was entirely satisfactory The pathologic report was adenocarcinoma 

BRUNSCHWIG AND CHILDS The patient, a woman, age 41, was admitted, October 22, 1937, 
chieflj because of increasing fatigue, an increase in the quantity of stool and irregular periods of 
frequent stools The stools had been foul and varied in color from clav colored to dark brown 
There was no historj of jaundice Upon examination, a vague, deep mass the size of an egg was 
palpable to the right and slightly above the umbilicus The stools contained occult blood Roentgeno 
graphic examination disclosed a tumor mass, approximately 8 by 5 cm , within the distended second 
portion of the duodenum The preoperative clinical diagnosis was a neoplasm of the pancreas or 
duodenum with partial obstruction of the pancreatic ducts At operation, November 26, 1937, a one 
stage transduodenal excision of the tumor was performed with reimplantation of the common duct 
ind the duct of Wirsung into the posterior wall of the duodenum At the end of 15 months the 
weight had been regained and there was much improvement in the patient’s general condition The 
pathologic report was carcinoma (possiblj carcinoid) of the second portion of the duodenum with 
involvement of the ampulla of Vater 


ROSCHER The patient, a man, age 55, had loss of appetite and weight and progressive ob 
structive jaundice for four to five months Roentgenologic examination of the stomach and duodenum 
disclosed what was interpreted as an ulcerating tumor in the region of the papilla of Vater At 
operation, in March, 1936, a cholecj stogastrostomy was performed Two months later the second 
stage resection of the duodenum and part of the head of the pancreas, division and ligation of the 
common duct, implantation of the duct of Wirsung into the jejunum and posterior gastro enterostomv 
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were peifoimed Dt ith occuried fi\e montlis aftei operation of bronchopneumonia The patholof:,ic 
teport was carcinoma of the papilla of Vater 

DIVIS (reported by Kafka, 1937) The patient was a woman a^e 65 who had in obstructive 
jaundice April 30 1937, stones were removed from the Rallhladder and one stage transdiiodena! 
ev-cision of tumor, with leiinplantation of the common duct and duct of Wiisung into duodenum and 
cholecystoduodenostom> were accomplished Death occurred one vear after the operation from a c irdiac 
lesion 

TROUT The patient, a man, between 55 and 60 years of age was operited upon for a car 
cinonia of the ampulla of \ iter, with invasion of the head of the pancreas The operation consisted 
of eholecystojejunostomj , posteiior gastroenterostomy division and ligition of the common duct just 
below the cystic duct resection of the duodenum and head of the pancreas cn bloc in one stage 
Death occuiied within a few hours after the operation 

RIVER McNDALY AND RAGINA (three cisc reports) Case i — (\rcNeilv) \ woman, 

age 63 was admitted to the Cook County Hospital December 12 1937 with the complaint of dull 

holing epigastiic pain and progiessne j itindice of four weeks’ duration The stools contained occult 
blood on sever d occasions A diagnosis of obstructive jaundice prohablv due to a malignant lesion 
w IS made At oper ition, January 8 1938 tiansduodcnal resection of a tumor of the amjiulla of 

Vater was m ide and the common duct and duct of Wirsuiig were reinipl iiited into the posterior 
wall of the duodenum Approxim itelv 16 months later jaundice chdls and fever reclined At opera 
tion August 23 1939 cicatiiciil stenosis at the site of the reimplantation of the common duct into 
the posteiior wall of the duodenum was found A cholecvstogastrostoniv w is performed The patient 

w IS well two yeais and two months following excision of the tumor The pathologic report was 

adenocarcinoma of the ampulla of \ ater with invasion of the common duct and the pancreatic duct 

Case 2 — (River) The patient, a man age ss, was admitted to the Cook Coiiiitv Hospital July 4 

1939, bee luse of jaundice of eight months duration, loss of 58 pounds in weight and pun in the 

iilipci right quadrant of the ahcloiiicn At operation July 20 1939 the common duct and the gall 

bladder weit diained Jaundice recurred at the end of three weeks mniediatelv following closure 
of the biliary fistula 1 he persistence of blood in the stool suggested the diagnosis of carcinoma of 
the ampulla of Vater Operation ^ugllst 15 1939 consisted of transdiiodcnal excision of the 
ampullary tumor with reimplantation of the common duct into the jiosterior wall of the duodenum 
Eight months later jaundice dulls and fever suggested cicatricial stenosis of the common duct A 
cholccystojejunostomy after the method of Whipple was followed bv recovers The pathologic 
report was adenocarcinoma of the terminal portion of the common duct 

Case 3 — (River) The patient a man age 45 >ears was admitted to the Cook County Hospital, 
September 6 1939 on account of jaundice of four weeks duration jiiin in the upper right quadrant 
of the abdomen and weight loss of ten pounds At operation September 29 1939 transduodenal ex 
cision of a tumor i 3 cm 111 diameter at the ampulla of Vater was made and the common duct 
and the duct of Wirsung were icimplanted into the posterior wall of the duodenum External drainage 
of the biliary tract was provided by eholecystostoiiiv The patient was entirely well nine months later 
The pathologic report was papillary adenocarcinoma of the paiicrc itic duct 

MADDOCK A man age 36 was admitted to the University ot Michigan Hospital Tanuary 13, 

1940, on account of jaundice and intermittent diarrhea of three months duration The patient had 
had severe stabbing pain in the iippei right quadrant of the abdomen At operation Januarv 22 
1940, an ineision 111 the duodenum exposed a tumor of the ampulla of Vater A resection of die 
second portion of the duodenum including the tumor was accomplished with end to end anastomosis 
restoration of the duodenum The common duct was imjilanted into the first portion of the duodenum 
and the gallbladder was removed Death occuircd on the fourteenth day from peritonitis The patlio 
logic report was adenocarcinoma of the amiiulla of Vater 

ORR The patient, a man age 47 was idmitted to the University of Kansas Hospital April 
24 1940 on account of painless, progressive jaundice and weight loss of 30 iiounds during the 

preceding four months Operation — First stage Upon surgical exploration Apiil 30, 1940 a firm 
mass I cm in diameter was palpated at the amjnilla An anastomosis between the common duct 
(gallbladder absent) and the stomach w as made and a posterior gastro enterostomv completed the first 
stage operation Second stage operation — May 15 1940 The terminal comnion duct was ligated and 

divided the duodenum from the pylorus to well below its second portion and a wedge shaped section 
of the head of the pancreas were lesected The pylorus and distal duodenum weie closed and the 
defect in the pancreas was closed with interrupted sutures of silk Following the operation there 
was piofuse drainage of cle u fluid from the wound The patient was leadmitted to the hospital 
several times subsequently on account of persistence of the pancreatic fistula Seven months after 
operation the patient had regained the 25 pound weight loss Moderate drainage from the pan 
creatic fistula persisted The pathologic report was adenocarcinoma of the ampulla of A ater 

RANSOM J K a man was admitted to the University of Jlichigan Hospital, December 14 
1940 on account of painless progiessive jaundice of one months duration and a weight loss of 12 
pounds Clinical Diagnosis Obstructive jaundice probably due to carcinoma of the head of the 
pancreas Operation — December 24 1940 A movable olive sized tumor was found at the ampulla 

of Vater The first stage of the Brunschwig operation was carried out which consisted of a posterior 
gastroenterostomy cholecy stojejunostomv and entero anastomosis between the two limbs of jejunum 
At the second operation January 21 1941 the resection included the first and second portions of 
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the duodenum and the head of the pancreas The pa lone end of the stomach and distal duodenum 
were closed, the pancreatic duct and the common duct were ligated, and the end of the pancreas was 
closed with mattress sutures On the fourth daj after operation a moderate amount of clear fluid 
drained from the wound which two da>s latei became bile tinged At one tune the fistulous tract 
drained as much as i 500 cc in 24 hours Dj the eighteenth postopei ative daj drainage from the 
wound had practicalU ceased Twenty fi\e dajs aftei the resection the patient was still in the bos 
pital, but was progressing satisfactorilj 

WHIPPLE The patient a man, age s 8 , was operated upon in October, 1939 for carcinoma of 
the ampulla of Vater, in whom the radical two stage operation was performed with excision of the 
duodenum and part of the head of the pancreas This patient is well has regained his weight, is free 
from jaundice, and has no digestne distuibance, 15 months after operation 
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Discussion — Dr Morris K Smith (New York, NY) I have recently had an 
experience with a case which corresponded m many ways to Doctor Hunt’s last patient 
As the matter of diagnosis is almost as difficult as the treatment, it seems worth while 
to emphasize the point Doctor Hunt made of the significance of blood in the stool 

In my patient I performed a cholecystectomy and drainage of the common duct, 
but failed to feel a tumor m the duodenum After two weeks, the stools continuing 
clay-colored and bile drainage as profusely as ever, a cholangiogram was made which 
showed a smooth contoui of the dilated duct with complete block at the duodenal end 
The patient, who had been carefully studied m hospital prior to operation, had shown 
one unexplained and persistent finding — occult blood m the stool This combination of 
bleeding and obstruction at the terminus of the common duct, as m Doctoi Hunt’s case, 
pointed the vaj’^ to the diagnosis 

In my patient, we made one further test, duodenal intubation, and obtained contents 
which were grossly bloody At the second operation a periampullary carcinoma of the 
duodenum, resembling grossly the ordinary carcinoma of the large bowel, was found 

Dr Thomas E Jones (Cleveland) Many of these cases are deeply jaundiced 
when they come 111 for surgery At operation, we do not know about the patency of the 
cystic duct If cholecystogasti ostomy is performed, very often there may be a kinking 
near the duct, and many of these cases will die before they reach the second stage, be- 
cause we do not get good biliary drainage 

To obviate this difficulty, in the successful case which I had I put a T-tube m the 
common duct This gives good drainage immediately, and at the second-stage the patient 
IS in very much better condition In the first-stage I used a T-tube drainage of the 
common duct and established a gastro-enterostomy In the second-stage we removed the 
head of the pancreas and anastomosed the common duct to the jejunum The case 
developed a pancreatic fistula, but he was able to leave the hospital in 36 days This 
was about four months ago, so the end-result is not known 

Dr Dallas B Phemister (Chicago) There have been three cases operated upon 
in our clinic — 16 months, two and a third jears, and three yeais ago — by the technic 
described by Doctor Hunt for his first case, which have lemained well In two cases 
an additional cholecystogastrostomy was performed for fear there might be subsequent 
stenosis of the common duct I do not know that it made any difference 

The question of roentgenologic diagnosis was referred to In one of these patients 
the roentgenologist did not locate the lesion, but we did not send the patient in with the 
presumptive diagnosis of carcinoma of the ampulla In one case, the patient entered with 
a cholecystotomy sinus, and we injected lipiodol through the fistula The gallbladder 
and bile ducts filled, and obstruction was shown at the outlet of the common duct The 
patient was reexamined, a barium meal being given first, which showed a defect in the 
region of the ampulla Then the gallbladder and bile duct were injected Both methods 
of examination confirmed the diagnosis of carcinoma of the ampulla I think that if 
such patients are sent to the roentgenologist with the tentative diagnosis of ampullary 
pathology they will more frequently recognize the lesion 

Dr Thomas G Orr (Kansas Citjq Kans ) Following palliative operation a patient 
with proven carcinoma of the ampulla has been known to live 33 months, after trans- 
duodenal resection patients have lived 4 to 22 j^ears , and after resection of the duodenum 
and head of the pancreas one patient has lived 34 months, although the average length 
of life m each of these groups is much shorter The average time of survival of patients 
with carcinoma of the ampullarj region is shown m Table I The results of the radical 
operation, as shown in this table, justifj the procedure, without question 

The mortahtj of the palliative operation has been recorded by Coder and Winfield 
as low as 26-f per cent, and by Lieber, Stewart and Lund as high as 78-}- per cent 
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Table I 

A\ LRAGE LENGTH OI LII 1 

Without treatment (Outerbndge) 

With palliative operation (Judd and Parker) 

With radium and roentgen ray treatment (Pack and McNeer) 

With radical operation (Hunt s review ) 30 cases dead 
With radical operation (Hunt s review) 34 cases still living last report 

The average mortality of the radical operation in the cases collected bj Hunt was 30+ 
per cent With present methods of controlling the bleeding tendenct in jaundice and 
treating liver damage, the operative mortality of excision of ampullary tumors should 
soon compare favorably with operations upon the stomach and rectum for carcinoma 

The choice of the transduodenal 01 Whipple operation should depend upon the 
extent of the lesion found at operation With the recorded excellent results of the 
former technic we must assume that the more radical procedure is not necessary when 

the tumor is small and confined to the ampulla However the Whipple technic more 

nearly fulfills the requirements of an operation for carcinoma, 111 that the region of 
early extension of the tumor is lemoved Carcinoma arising 111 the pancreas and in- 
volving the common duct or ampulla is suitable oiilj for the Whipple operation 

The percentage of carcinomata involving the ampulla or ampullarv region which 

are suitable for radical excision is not ret known Tlic total number of these tumors 

as compared to caremoniata 111 the remainder of the pancreas is also not known In a 
recent study of 52 cases of proven carcinoma of the pancreas and ampullar) region, 17 
or 32 per cent w'cre found m the latter group (Schnedoif and Orr) This is a small 
number but probablj indicates the approximate percentage of tumors arising in the 
ampulla as compared to tumors having their origin in the pancreas 

The remote effect of excision of a portion or all of the head of the pancreas with- 
out reimplantation of the pancreatic duct into the intestine has not aet been studied 
Experimental work by Dragstedt indicates that sclerosis of the pancreas maj result, 
follow'ed by fattj infiltration of the liver due to the loss of the hoimone lipociac A 
careful study of necropsy material wall decide this point m the future 

In order to obtain relatively accurate statistical records of patients operated upon, 
supplementary reports must be made indicating the length of life after operation In 
the series reviewed by Doctor Hunt, more than one-third of the cases have no recorded 
final report 

Below IS a follow'-up report of one case and a brief recoid of a new' case Both of 
these patients w'ere operated upon bj the Whipple technic 

Case I — My first case w'hich w'as reported at a meeting of tlie Western Surgical 
Association m December, 1940 is still alive iiJ-'j mos aftei the second stage of the 
operation On April 6, 1941, he w'as operated upon for complete obstruction of the 
ileum due to a band of adhesions He still has a small fistula from his jejunum w'hich 
intermittently opens and discharges for a few days There is no eridence of pancreatic 
fistula 

Case 2 — M C B , female, age 67, was admitted to the Universit\ of Kansas Hos- 
pital, November 16, 1940 The historr and findings were those of carcinoma of the 
ampulla A cholecystogastrostomy and gastro-enterostonw were performed No\ ember 
23, 1940 A very storm\ convalescence follow'cd, and after 49 days she w-as sent home 
to recuperate 

This patient w'as readmitted to the Hospital, March 10, 1941, and the second stage 
of the Whipple operation w'as performed, March 24, 1941 The duodenum and entire 
head of the pancreas were resected The pathologist’s report of the tumor remoaed w'as 
“ulcerating adenocarcinoma of the ampulla of Vater wuth extension into the head of the 
pancreas and regional Ivmph nodes ” 

An uncomplicated postoperative recoverv was made and the wound w'as completelj 
healed w'lthin 16 days 


Vnnils of Surgcr> 
October 1U41 


7 3 mos 

7 7 mos 

8 0 mos 
17 + yrs 
2 5 + >rs 
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FIFTY-TWO PROVEN CASES OF CARCINOMA OF THE PANCREAS 
AND THE AMPULLA OF VATER WITH SPECIAL REFERENCE 
TO FATTY INFILTRATION OF THE LIVER 

J G ScHNEDORF, M D , Pn D , 

AND 

Thomas G Orr, M D 

Ivvx&As Cm, Kan 

FUOM TllL nn \11TMFNT OF SURf FR^ \ND TRF HIXON LVllORVTOIl'i OF MEDICU RFSP^RCII, UM\ ERSIT^ Oh K\NSVS 

HOSPITALS, KANSAS CITA , KAN 

Cancer or the pancreas constitutes about i to 2 pei cent of all malig- 
nancies Ewing^ states that it was found m i 76 per cent of Kaufmann’s 
autopsies on malignant tumois, and in 2 pei cent of Koite’s autopsies on 
2,943 cases of cancer He states that Bashfoid collected 1,000 cases of 
carcinoma of the pancieas m 84,000 cancels 

The analysis of 40 autopsies by D’Aunoy, Odgen and Halpeit- indicates 
a giave piognosis and rapidly fatal outcome of the disease In 38 of the 40 
patients, the clinical course of the illness lasted one to eight months, with an 
average duration of four and one-half months A similai hopeless outlook is 
expressed by Lahey and MacKinnon^ m their analysis of 47 cases, and by 
Kauer and Glenn’^ 111 their study of 32 cases 

In 1935, Whipple, Paisons, and Mullins' reported the successful lesec- 
tion of the duodenum and a portion of the pancreas for caicmoma involving 
the ampulla of Vater and the head of the pancreas Since that date, 14 cases 
have been reported m the hteiature and one of us (T G O®) has just 
reported the fifteenth case This patient is alive and well eight months after 
. the resection Whipple' reported one patient who was alive and well, with 
a gam of 30 pounds m weight, two years aftei the oiiginal opeiation 

In 1934, Hunt and Budd® collected 76 cases of radical extirpation of 
carcinoma involving the pei lampullary region, with an operative mortality 
of 38 per cent They estimated that 85 such cases had been lecorded, but 
they were unable to accurately verify this estimate From 1925 to 1934, 
these authors found recoided cases of transduodenal excision which lived 
thiee, five, and eight years after opeiation, lespectively Thus, radical resec- 
tion has alteied the rapidl}'- fatal outcome of the disease when it has been 
treated in its eaily stages 

Renewed interest in this pioblem has led us to review the cases which 
appeal in the lecoids of the Univeisity of Kansas Hospitals during the past 
20 years In addition to 35 cases of primary carcinoma of the pancreas, 17 
cases of carcinoma of the ampullary region weie also reviewed because of 
the similaiity of symptoms produced and because in their eaily stages they 
are amenalile to similar surgical treatment Only those cases proven by 
autops> or surgical biopsy are included in this analysis 
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CAECINOMA OF THE PANCEEAS 

Incidence — Carcinoma of the pancieas is a condition found most fre- 
quently in the fifth and sixth decades of life All oui patients weie between 
ages 46 and 78 Thiee patients were m their late foities, 13 m their fifties, 
15 in their sixties, and four were m then seventies Thirty-two of the patients 
were white and three wei e colored Other series reported by D’Aunoy, ei al 
(40 autopsy cases), Lahey and MacKinnon (47 cases), and Grauer® (34 
autopsy cases), also indicate that the disease occurs anywhere from ages 26 
to 80, but that it IS most frequent in the fifth and sixth decades of life 
Although primary caicinoma of the pancreas is exceedingly lare m persons 
undei 20 years of age, the hteiatuie contains reports of about nine proven 
cases Mielcaiek^® collected five pi oven cases from the literature up to 1935 
The youngest was an infant age 7 months He reported the sixth case which 
occuried in a boy age 15 He listed five other cases fiom the literature as 
doubtful because they lacked pi oof Since then, Smith^’- reported one case 
in a boy age 14)4, Jeanneney and Laporte^- one case in a girl age 17, and 
Kaletchefif^^ a case in a giil age 14 The latio of incidence in the male and 
female varied fiom 17 i in D’Aunoy’s series to 23 24 in Lahey’s senes 

Pathology — In almost all of oui cases, the tumor was hard and sciirhous 
In two instances, a soft medullary tumor was found The tumois arose 
from the acini 111 the majority of the patients In five cases, definite indi- 
cation that It arose fiom pancreatic duct epithelium was found In 25 cases, 
the tumoi involved the head, in seven, the body, and m three cases, the whole 
pancieas was involved in an extensive giowth 

Symptoms — The symptoms complained of were mild and of recent duia- 
tion at the time that the patients presented themselves at the hospital The 
duration of the symptoms varied from one to nine months Only five patients 
complained of vague abdominal symptoms of two to five yeais’ duiation The • 
most frequent complaints were vague abdominal discomfort, indigestion, gas, 
and dyspepsia Rapid weight loss and weakness were complaints m 85 pei 
cent of the cases Jaundice was present in 17 of 23 cases of cancer of the 
head of the pancreas, and was reported as being present m 22 of 31 patients 
in D’Aunoy’s senes In two cases, the jaundice was intermittent while in 
15, it was severe and progressive Jaundice was not piesent in any of the 
cases of carcinoma of the body of the pancreas Symptoms of duodenal 
obstruction occurred in seven instances and duodenal ulceration in three 
Gas was one of the chief complaints m 15 patients, absent m five, and not 
complained of by the other 15 patients In the majority of cases, pain was 
mild and vague in character In 16 patients, it was localized to the mid- 
epigastnum, m three, to the light uppei quadrant, in two, to the back only, 
and in four, to the epigastiic legion and back, and in one case, to the right 
shoulder blade The pain was severe and shaip in only two cases In one 
case it was severe and colicky The cohek)'’ pain m the latter patient probably 
came from the biliary passages because he also had an intermittent jaundice 
Pam was not complained of by two patients This is in contrast to the 
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conclusion of Kauer and Glenn, who found that pain was the most common 
chief complaint m 68 per cent of their patients The pain in the patients 
with caicmoma of the body of the panel eas did not diffei in severity from 
that of the head of the panel eas Archibald and Kaufman^'^ describe the 
pain m carcinoma of the body of the pancreas as being extremely seveie and 
destioymg m character m contiast to the vague pain in carcinoma of the 
head and tail of the panel eas In then analysis of 19 cases of piimaiy 
carcinoma of the body and tail of the pancreas, Levy and Lichtnian^^ repoit 
a wide vaiiation m the refeience and type of pain complained of Occasion- 
ally, it would simulate gallbladder disease 01 penetiatmg ulcei but it was 
uni elated to the digestive cycle 

A palpable abdominal tunioi was found in 23 of oui 35 cases In ten 
patients, it vas located m the region of the gallbladder, in eight, it was mid- 
epigastric, in t\^o, it was at the umbilicus, and m three, it was felt in the 
left epigastiic legioii In the latter thiee cases, the tumor involved the body 
of the gland Ascites was present in three patients 

Twenty-seven of the patients were explored and palliative operations 
were performed Cholecystogastrostomy was performed m six cases, and 
cholecystostomy in one case, to relieve biliary obstiuction Gastro-entei os- 
tomy was peifoimed in six cases, and duodenojejunostomy in one case, to 
relieve duodenal obstiuction 

Early, extensive nietastases w^ere observed to be the rule These weie 
noted at the time of operation and at autopsy Metastases involved the 
adjacent lymph nodes, liver, and lungs Extension of the growth by con- 
tiguity to the mesentery, peritoneum, and adjacent organs w^as fiequent 
Moitahty — Carcinoma of the panel eas w^as a rapidly fatal condition in 
oui patients The duration of symptoms was short in the majority of the 
patients and varied fiom one to nine months In all of oui patients, death 
occurred two to ten months after the onset of symptoms, and from two and 
one-half to five months aftei the onset of progressive jaundice All of the 
patients upon w^hom palliative operation was resorted to for lehef of biliary 
or duodenal obsti uction died within five weeks after the operation D’Aunoy, 
et al , reported the duiation of illness in 38 of their 40 cases to be one to 
eight months, with an average of four and one-half months 

CARCIiSrOMA OF THE AMPULLA OF VATER 

We have reviewed 17 proven cases of caicmoma of the ampullaiy region 
Three of the lesions were fungative and had undergone mucoid degeneration 
Ten of the patients weie men and seven w^ere w^omen Three were m their 
forties, foui in their fifties, seven in their sixties, and thiee in their seventies 
The symptoms were mild and w^ere piesent two to 15 months at the time 
of admission, wnth an average duration of four months Vague epigastric 
discomfort, nausea, vomiting, anorexia, w^eakness, and rapid loss of w^eight 
w^ere the chief symptoms Progiessive jaundice unassociated wntli severe 
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pain was piesent in all patients A palpable, light upper quadiant mass was 
felt 111 four patients 

Opeiation was performed m i6 instances Biopsy only -was done in foui 
cases, cholecystogasti ostomy was performed m six patients cholecystectom}^ 
111 one, and cliolecystoduodeiiostoniy in one patient This latter patient lived 
33 months aftei cliolecystodiiodenostoniy foi an ohstiuctive lesion of the 
ampulla A haid nodule in the head of the panel eas vas felt at operation 
hut no biopsy ivas obtained Autops}' aftei death shov ed an adeiiocarcnioma 
of the ampulla of Vater It is entnely possible, hut not likely, that this 
patient had a benign ohstiuction which was lelieved by operation and that 
he subsequently developed an ampullaiy malignancy Choledochogasti ostomy 
and lesection of the head of the pancreas and duodenum was performed in 
one patient This patient is still alive and in good condition, eight months 
aftei operation The aveiage duiation of life from the onset of the symptoms 
was five months (two to nine months) The giowths extended up into the 
bile ducts, to the pancreas and duodenum, and metastasized to the livei, 
lungs, and oA'aiies 

Fatty Jnfilti altov and Dcgcnetation of the Live) — Eight of oui 35 cases 
of carcinoma showed definite fatty metamorphosis of the liver at autopsy 
A hiief summary of the individual cases is charted m Table I 


Table I 

rATT\ INFILTRATION AND DEGCNLRATION OF THE Ll\ FR IN I \TIENTS WITH 
C\RCINOMA OF THE PANCRE\S AND AMI ULL^R^ RFGIOK 


Case No 

Age 

Sex 

Duration 

of 

Duration 

of 

Location 

of 

Changes in the Pancreas 

I 

S7 

M 

S> mptoms 
(Mos ) 

5 

Jiundicc 
(Mos ) 

3 

Carcinoma 

Head 

Generalized atrophy of pancreas 

2 

51 

F 

I 

I 

Head 

Chrome pancreatitis 

Chronic fibrous pancreatitis 

3 


M 

4 

0 

Bod> 

Extensue carcinoma of bod\ of 

4 

S9 

M 

8 

0 

Head 

pancreas 

Extensue carcinoma of head of 

5 

57 

r 

5 

0 

Body 

pancreas 

Chronic interstitial pancreatitis 

6 

61 

M 

2 

2 

Head 


7 

75 

F 

9 

0 

Head 

Chronic pancreatitis 

8 

71 

M 

6 

0 

Head 

Fibrosis of pancreas 

9 

60 

M 

15 

3 

Ampulla 

Chronic pancreatitis 

10 

55 

M 

6 


Ampulla 

Chronic cystic pancreatitis 


The role of the pancreas in conti oiling the endogenous metabolism of 
fat, particulaily m the livei, was suggested by early experiments upon dogs 
In 1924, Fisher,^® and also Allan, Bowie, MacLeod and Robinson^' lepoited 
that life could he maintained m totally panel eatectomized dogs for only one 
to II months, even though the blood sugar AAas conti oiled by daily adminis- 
tration of insulin At death, the gieatest change was observed in the liver 
There was marked fatty infiltration and degeneiation The fat content of 
the liver inci eased to 395 pei cent These obseivations weie subsequently 
confirmed in exiiernnents on dogs by Hershey^® ( 193 °) 
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Conflicting expel iniental evidence is found in the liteiatuie as to whetliei 
fatty metamoiphosis the liver can be pioduced by loss of panel eatic secre- 
tion through total panel eatic fistula and by ligation of the panel eatic ducts 
In 1931, Beig and Zucker/^ and Hershey reported the development of fatty 
livers in dogs following the loss of panel eatic juice by total external pan- 
el eatic fistula in from 17 to 56 days Excessive fatty mfiltiation of the liver 
also occurred aftei prolonged obstruction of the panel eatic ducts (80 days) 
by ligation Van Piohaska, Diagstedt, and Harms-® found fatty livers m 
three of then seven dogs with panci eatic fistula, but asciibed this occuirence 
to mtercuirent infection which developed in these thiee dogs Two had a 
subcutaneous abscess, and one died fiom peritonitis The other foui dogs 
had normal livers Two of then three dogs with ligated panel eatic ducts 
showed fatty liveis, the third did not In spite of these obseivations, they 
concluded that fatty degeneiation of the hvei does not occur m dogs with 
total pancreatic fistula and m dogs with ligated pancreatic ducts Boj'ce and 
McFetridge-^ piesent evidence which indicates that fatty changes in the liver 
develop aftei complete or partial panci eatectomy but do not occur when the 
pancreatic ducts aie seveied and ligated with the panci eas left in situ Ralh, 
Rubin, and Present-- lepeated these experiments on dogs in 1938, m an 
attempt to clarify this controveisy They found that caieful ligation of the 
pancreatic ducts and separation of the panci eas from the intestine m three 
dogs produced fatty changes in the livers which were indistinguishable from 
those of pancreatectomized dogs 

Thus, some investigators maintain that their evidence indicates that the 
external secretion of the panci eas contains the factor necessaiy for the con- 
tiol of fit metabolism in the liver Others do not agree with this contention 
Feeding of pancreatic juice and administration of extracts of pancreatic juice 
did not prevent or cuie the fatty changes in the experiments of Van Piohaska, 
et al , and of Dragstedt One hundred gi ams of raw pancreas added to the 
daily diet was effective in preventing the fatty degeneration Hershey found 
that substitution of 10 Gm of lecithin foi raw panci eas in the daily diet also 
maintained normal liver fat Best, Ferguson, and Hershey^^ found that 
adding choline to the diet in amounts equal to that piesent m 10 Gm of 
lecithin protected the animal This indicated that the active principle m 
lecithin IS choline Dragstedt summarized the results of thiee years’ investi- 
gation of the problem in 1940 He pointed out that 100 Gm of raw pancreas 
fed daily is effective in protecting the liver and that it contains only 250 mg 
of choline, wheieas 2 Gm of choline a day or more is necessary He also 
states that the lecithin in the raw pancieas is specific Feeding liver or brain 
which contains a lot more lecithin and choline exerts no beneficial eft'ect 
He has prep^ied an active alcohol soluble extract of beef pancreas 60 to 100 
mg of which aie effective by mouth and subcutaneously The extract is free 
fiom fat and contains only i to 2 per cent choline He concludes that this 
substance is specific and active m small amounts, and is not choline, but a 
nen panel eatic hormone vhich he has termed “lipocaic ” 
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The foiegoing expeiimenlal evidence indicates that the pancreas is con- 
cerned with the endogenous metabolism of fat m the hvei Fatty infiltration 
and degeneiation of the hvei occurs following total pancreatectomy, and 
also may follow a loss of pancreatic juice in total fistula and following liga- 
tion of the panel eatic ducts This fatty metamorphosis of the liver can be 
prevented m the dog by feeding ra\v panel eas (lOO Gm daily), and, accord- 
ing to some workeis, lecithin (lo Gm daily), choline (2 Gm daily), and 
hpocaic (60 to 100 mg daily) The fact that fatty liver follows ligation of 
the panel eatic ducts in some instances does not mean that it is due to a loss 
of panel eatic juice It may well be due to a decrease m hpocaic below the 
maintenance level, because of fibiosis of the pancreas and degeneration of 
hpocaic producing paienchyma The same may be tiue follownng chronic 
pancreatitis and fibrosis in the case of total pancreatic fistula Cole”^ has 
called attention to fatty mfiltiation of the liver associated wuth pancreatic 
fibiosis Snell and Conifoit-'* repoit cases of pancreatic lithiasis and atrophy 
as piobable causes of fatty changes in the liver Our ten cases show that 
fatty mfiltiation and degeneration of the liver can occui wuth pancreatic 
insufficiency due to cancer involvement of the panel eas In most of the 
cases presented, the carcinoma involved the ducts and pioduced obstiuction, 
secondary atiophy, and chronic inflammation of the pancreas In some 
instances, most of the gland w^as replaced bj' cancel If fatty metamorphosis 
of the hvei is due to extensive functional destruction of the pancreas, one 
might expect to have an associated diabetes None of om patients had 
glycosuria 01 hypeiglycemia Reports of infrequent cases of diabetes with 
cancel of the pancreas have been recoided by Ubiy,-' and by Pygott and 
Osboi 11 Apparently, in our patients protection against fatty metamor- 
phosis of the hvei requiied more pancreatic tissue than was needed to 
pi event diabetes On the other hand, the fatty mfiltiation of the liver observed 
m oui patients may be due to a loss of the external panci eatic secretion due 
to obsti uction of the pancreatic ducts, as occurred in the dogs of Berg, et al , 
Van Piohaska, et al , and Ralh, ct al Regardless of the mechanism involved, 
experimental evidence and the presence of fatty livers in ten of our patients 
warrants the administration of lecithin (10 Gm daily), choline (2 Gm daily) 
or hpocaic (100 mg daily) to patients with pancieatic insufficiency, both 
preoperatively and postoperatively 

The rapidly fatal course of the disease m oui series, and in the other 
series lepoited m the liteiature, does not offei much hope for patients wuth 
caicmoma of the panci eas 01 amptillary region The few' successful lesec- 
tions lepoited within the past seven yeais bring some hope if the lesion is 
discovered early In most instances, howevei, patients do not seek medical 
help until jaundice or marked loss of weight has occuried, dining which time 
extensive metastases have alieady developed, so that death follow's shortly 
aftei they aie seen 

An early diagnosis may be hoped for in the futuie by a thorough inves- 
tigation of the pancreas in all cases of inexplicable abdominal pain, rapid 
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weight loss, nausea, and jaundice Stools should be analyzed for their fat 
after seveial days of a standard diet of known fat content Samples of duo- 
denal juice should be obtained by intubation and analyzed for panel eatic 
feiments Blood amylase and lipase, which aie elevated in obstructions of 
the panel eatic ducts, may be suggestive Caicinoma of the body or tail of 
the panel eas may not pioduce any detectable loss of the external secretion 
of the gland In many cases, the pam may also be vague and mild so that 
eaily diagnosis is extremely difficult oi impossible without operation Gastro- 
scopic examination may be of some diagnostic value but only after the tumor 
has giown to a laige size Moeisch and Comfort”*’ report gastroscopic 
examination m two cases of caicinoma of the body of the panel eas m which 
the tumoi caused a bulging of the stomach wall, which could not be obliter- 
ated by inflation of the stomach with air 

An exploratory opeiation is justified even in advanced cases In early 
lesions involving the ampulla and head of the pancieas, radical lesection is 
the proceduie which gives the only hope of cure to the patient In advanced 
cases, palliative opeiations for relief of biliai}' oi duodenal obstruction aie 
indicated to inciease the comfoit of the patient during the last stages of the 
disease In spite of the fact that all of our patients, except one, died within 
five weeks of the palliative opeiation, such treatment is indicated because 
m some instances the patient’s life may be gieatly piolonged, as shown by 
oui case noted aliove of a man age 6o who lived 33 months after palliative 
cholecystoduodenostoni) for caicmoina of the head of the pancreas This 
case was confiimed at autopsy Coughlin and McCaughan’’’- also repoit 
prolonged suivivals m three patients following cholecysto-entei ostomy for 
tumoi of the head of the pancreas , one was alive at three months, one at 14 
months, and one at five yeais, respectively 

CONCLUSIONS 

(1) An analj^sis of the pioblem of carcinoma of the pancreas and ampul- 
laiy region is made fiom a study of 52 patients, with a proven diagnosis by 
autopsy 01 biopsy 

(2) The rapidly fatal couise of the disease, m most of the patients, is 
pointed out 

(3) Thorough investigation of panel eatic function is advisable for the 
diagnosis of an eaily obscuie cancer of the pancieas 01 ampulla of Vater 111 
all cases of inexplicable abdominal complaints 

(4) Radical lesection, b) the technic of Whipple 01 that of Hunt and 
Budd, offers the only hope for cure of eaily carcinoma of the ainpullary 
legion 01 the head of the pancreas Palliative operation foi relief of biliary 
or duodenal obstiuction, even m advanced cases is indicated, not only to 
make the patient more coinfoi table but to prolong life 

(5) Fatty infiltration and degeneration of the liver was found at autopsy 
m ten of our 52 patients Mith caicinoma of the ampulla and head of the 
pancreas We have tried to explain this on the basis of the experimental 
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evidence found in the literature, which is leviewed Tlie feeding of lecithin, 
choline, pancreatic extract, oi hpocaic is indicated in the preopeiative and 
postopeiative tieatment of these patients to pi event fatty changes in the hvei 
and to maintain life 
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THE RATIONALE OF RADICAL SURGERY FOR CANCER OF THE 
PANCREAS AND AMPULLARY REGION ^ 

Allen 0 Whipple, MD 
Nem York, N Y 

FROM THE DEIARTMENT OF SUROERl, COLUMBIA UNH ERSIT\ , ^ORK N 1 

Until I935> panel eaticoduodenectomy foi cancer involving the pancreas 
was not attempted for the following leasons (i) The duodenum was be- 
lieved to be an essential pait of the digestive tract (2) The external secre- 
tion of the pancreas was believed to be indispensable foi digestion of pioteins 
and fats (3) The significance of the fact that pancreatic juice ceases to 
flow and that acinar atrophy lesults with piolonged blockage of the ampulla 
and head of the pancreas with caicmoma was not piopeily understood 01 
evaluated (4) For these reasons, even with resections of pait of the 
duodenum, eveiy effoit was made to leestabhsh the flow of bile and pancreatic 
juice into the duodenum or jejunum 

Halsted,’' in 1898, was the fiist to caiiy out such an opeiation successfully 
Doctor Hunt has summaiized the collected cases of this type, some no 111 the 
literature and by personal communication Because the unsuccessful opera- 
tions have not been lepoited, the lesults aie somewhat misleading m evaluat- 
ing the collected cases, both as to opeiative moitahty and the late results 

Nevertheless, foi caicmoma limited to the papilla of Vatei, tiansduodenal 
resection with reimplantation of the common and panel eatic duct into the 
duodenum offei s definite advantages and this is especially ti ue of the f ungat- 
ing 01 papillary type of caicmoma of the ampulla 

But not all cancers of the ampulla aie of the fungating type, noi are all 
of the fungatmg growths relatively benign Many of them infiltrate eithei 
the pancreas 01 the common duct, 01 the duodenum Attempts to excise a 
segment of the head of the pancreas, wide of the growth, with a reimplanta- 
tion of the ducts 01 head of the panel eas into the duodenum 01 jejunum have, 
m maii)'^ instances, been associated with fatal hemoirhage, peiitomtis, or 
duodenal fistula This is especially true if catgut is used foi hgatuies and 
sutures The activated panci eatic juice rapidly digests catgut Suigeons, 
in the past, have hesitated to use silk 01 cotton because they consideied the 
duodenum a contaminated field 

Following the fatal outcome, due to duodenal fistula and peiitomtis, 111 a 
transduodenal excision of an ampullary caicmoma which I perfoimed in 
1935, we decided to undertake a more radical opeiation m two stages foi the 
following reasons (i) Coffey," m 1909, and Mann and Kawamura,® in 1922, 
had demonstrated that the dog could survive total duodenectomj'- (2) Pa- 
tients with ampullaiy or panel eatic cancel weie able to survive for months 

* Discussion of Dr Verne Hunt’s paper read at the meeting of the American 
Surgical Association, White Sulphur Springs, W Va , April 28, 1941 
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r£,sume of mortality incidence 


FOLLOWING RADICAL OPERATIONS 

FOR 

CARCINOMA, 

WUTII 

RESECTION 

DUODENUM 

AND 

PANCREAS 



Collected Cases to A I'ril is J 04 i 




Two 

Postop 

One 

Postop 


St'lRC 

Deaths 

Stage 

Deaths 

Circmoma of ampulla 

16 

2 

4 

2 

Carcinoma of pancreas 

n 

7 

2 

0 

Carcinoma of duodenum 

2 

I 

I 

0 

Carcinoma of common duct 

2 

0 



Totals 

34 

10 

7 

2 

Total operated cases 

4 t 



Postoperative deaths 

12 



Operative mortality 


29 2% 




deprived of both biliaiy and pancieatic contents in the gastro-intestinal tract, 
and showed an atiophy of disuse of the acinai tissue of the pancicas (3) If 
bile could he lestoied by a shoi t-cii cuiting piocedure the bleeding tendency 
would be collected and digestion of fat impioved At the same operation a 
gastro-enterostomy would piepaie the patient foi the second stage, at -which 
time ladical lemoval of the duodenum and head of the pancieas, wide of the 
giowth, would be undei taken 

Doctoi Paisons and I' opeiated upon the fiist patient, employing the tw'o- 
stage pioceduie, m 1935 At the second stage, a paitial duodenectomy with 
excision of pait of the head of the pancieas, with duodenoduodenostomy, hut 
with exclusion of the pancreas fiom the digestue tiact, \vas accomplished In 
the second case P peifoimed a total duodenectomy, with excision of a pait 
of the head of the pancieas The patient lived 28 months, hut died of livei 
metastases Both of these patients digested 80 to 85 pei cent of a measuied 
fat intake, on seveial detei mmations But both of them developed cholangitis 
because of the cholecystogasti ostomy 

Because of the tendency for infectious mateiial to he pushed into the gall- 
hladdei and the development of a stenosis of the stoma wnth biliai} infection, 
w^e^ modified the short-circuiting pioceduie in the fiist stage to an end-to-end 
cholecystojej unostomy, wuth an end-to-side jejunojejunostomy In some 31 
such operations (the gieat majority of them palliative), w'e have found a veiy 
low incidence of cholangitis, and now^ strongly advise it as a fiist-stage pro- 
ceduie, lather than a cholecystogastrostomy 

But the twm-stage piocedure, as leported in the liteiatuie, and in peisonal 
communications to me by surgeons wdio know^ of my interest in the subject, 
carries with it certain hazaids and complications which must he eliminated 
if the ladical opeiation is to be considered wmith wdnle The tw'o most seiious 
complications are postopei ative bile and pancieatic fistula In the 41 collected 
cases, theie have occuried five bile and eight pancieatic fistulae (Table I) 
The former seldom close spontaneously, the latter usually do The bile fistula 
IS due to the cutting thiough of the silk or linen ligature used 111 tying off 
the common duct m the second stage If possible, it is, undoubtedly, better 

614 



A olume 114 
Isumber 4 


CANCER OF PANCREAS AND AMPULLA 


policy to implant the end of the common duct into the jejunum Panel eatic 
fistula can be avoided by ligating the dilated pancreatic ducts befoie appioxi- 
mating the cut surfaces of the V-shaped excision m the head or body of the 
pancreas 

Now that we can prepare jaundiced patients for operations with vitamin K 
and bile salts, and can prevent shock by adequate measures, it is possible, in 
early and m selected cases, to undertake the radical operation m one stage 
This avoids the hazard of two anesthesias and two major procedures 

I performed the first successful one-stage radical panel eaticoduodenec- 
tomy in March, 1940, lemovmg the distal third of the stomach, the entire 
duodenum, and the head of the pancreas with an antecohe gastiojej unostomy 
and a choledochojej unostomy This 47-year-old woman has regained 20 
pounds, and is now living and free from any signs of jaundice 01 lecurience, 
14 months after operation The second patient upon whom I pei formed a 
similar one-stage proceduie, m September, 1940, died of a postopeiative 
pneumonia on the fourth day 

Fine silk technic should be used m all pancreatic surgery Some of these 
patients will show a poor fat digestion, others good digestion We aie cariy- 
ing out a senes of expeuments to explain this discrepancy Panci eatic ex- 
tract should be given to those who show fat indigestion In our patients who 
have died following the radical two-stage piocedure, we have not found fatty 
liver degeneration However, it may be wise to give these patients hpocaic 
after operation 
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ANASTOMOSIS OF THE BILE DUCTS TO THE GASTRO- 
INTESTINAL TRACT BY A METHOD OF TR VNSFIXION 
NECROSING SUTURE^' 

Ro\ E Bhackin, M D , and Vi:kxox C DA^ id, M D 

CntfAGo, lu 

moM Titf nuAiiTMrvT m Htiiomi m>dic\i cotii<i tmi iiii -.tuTj iiun iio-^iit^i cjiKjro, ilt. 

Anastomosis between tlie bile ducts and the gastro-nitestinal ttact ma\ 
lesults in cicatncial stenosis of the stoma, uith lesiiltmg increase of intra- 
ductal pressuie, stasis of the bile, dilatation of the biliaiy tree and ascending 
infection of the ducts and Inei,"' uith lesulting Iner damage A large stoma 
at the site of anastomosis fiequently icsults m regurgitation into the biliarj 
system'^ of pancreatic juice, food and bacteiia with resulting Inei damage, 
as evidenced hy liver enlaigement,*’^ dilatation of the bile ducts, Iner necrosis 
and infection The immediate moitaIit\ and late lesults of the performance 
of such an anastomosis depend also on the damage to the Iner at the time of 
operation,"^ the biliary ductal segment available foi use, as well as upon the 
difficulty and uncertainty of the anastomosis pel formed 

Whipple,^"® 111 192S, stated that “the rare successes not the main faihnes 
appear in the hteiature” Evarts Graham, in 193(8, stated that “almost 
invariably the patient succumbs fiom multiple abscesses in the Iner if the 
anastomosis remains open ” Artlnn Allen, ^ ni 1940, stated that “one wnshes 
to avoid, if possible, anastomosis between the duct and the gastio-intestinal 
tract, since undei these cncumstances an ascending infection is so apt to 
occur” Waltman Walters,”® m 1939, stated that “life has been piolonged 
by operation to 25 per cent of the noi mal expectation ” 

The principles involved in the selection of a site in the gasti o-mtestinal 
tract for anastomosis to the bihar}'- system concern themselves with the acces- 
sibility and motility of the duodenum,^' the low' potential of infection in the 
stomach, which is somewdiat modified by the gioss charactei of its contents 
and Its anatomic disparitjT^ and the univeisal motilit}' of the jejunum®®’^-'® 
During exposure of the duct,”® pieseivation of the peritoneum’'^ peiiductal 
tissues, neive and blood supply of the duct is important 

* Read before the American Surgical Association, White Sulphur Springs, W Va , 
April 28-30, 1941 

“t References in this group are 17, 24, 30, 59, 66, 70, 80, 84, 86, 90, 96, 104, 107, 
116, 118, 119, 122, 123 ' 

'■t References m this group are i, 31, 43, 60, 62, 63, 65, 66, 69, 89, 104, 119, 121 

"t References in this group are 9, I4, iS, 29, 31, 44, 55, 70, 81, 98, loS, 112, 123 

••t References m this group are 70, 99, 109, 123 

“t References in this group are 86, iii, 116, 123 

*t References in this group are 59, 73, 123 

^t References in this group are 10, 47, 59, 70 , 73, 102, 123 

’’t References in this group are 18, 75, 89 
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The leported methods and cases of cholangio-enterostomy are numerous 
Gaston,®** m 1885, reported anastomosis between the gallbladder and duo- 
denum by a suture, as follows® “Sufficient inflammation ensued from a 
single stitch of silk thread to unite the walls, while it cut an opening between 
these cavities which closed m five months in one dog, but m this the common 
duct had not been ligated below No obstruction 01 infection m the biliary 
tree, the viscera had not had an inflammation piopagated from the sutuie to 
the attached walls ” Gage®'^ found histopathologic changes m all of 40 1101 mal 
dog livers, which consisted of round cell mfiltiation, small areas of necrosis, 
and small abscess-hke areas, aftei choledochoduodenostomy, 466 per cent 
showed increase m the pathologic changes after 15 days Sandblom, Beigh, 
and Ivy^”^ stated that “the site of anastomosis does not affect the problem 
of ascending liver infection ” These authoi s anastomosed the gallbladder to 
the duodenum aftei pyloric exclusion and ascending hvei infection occurred 
Gentile^® found that ascending liver infection occurred aftei gastric resection 
and cholecystogastrostomy 

Bernhaid^^ leported the finding of roentgenologic evidence of regurgitation 
of stomach contents into the liver after anastomosis between the gallbladder 
and gasti o-intestmal tract Ellsworth Ehot®^ stated that “the feai of infec- 
tious cholangitis has been dissipated by the instances of baiium, introduced 
into the stomach, which has been found to penetrate the hepatic tiibutanes 
with no indication of even mild cholangitis ” 

Mallet-Guy,'^® m 1940, stated that “m the dog, aftei choledochoduodenos- 
tomy, pancreatic reflux often causes liver neciosis The presence of air 111 
the biliary tree is common and the incidence of barium leflux is great” 
McWhorter®^ repoited a case seven yeais after hepaticoduodenostomy, with 
liver enlargement, in which barium reguigitated into the biliary tree Wilde- 
gans^®® observed that there had been numerous cases 111 which barium was 
evident in the blanches of the hepatic duct after choledochoduodenostomy 

Beaver and Mann,^® Beig,'*' Coffey,®'* Walton,^^® and peihaps others, 
placed the end of the common bile duct into the lumen of the duodenum and 
found universal dilatation of the biliary tree Bachiach and Fogelson® found 
that when the common duct was pulled into the lumen of the jejunum through 
a stab wound and anchored to the distal wall, seven out of 13 animals lived 
for two to two and three-quarter years, there was 1 egurgitation of barium m 
one and moderate ductal dilatation with negligible pathologic changes m the 
liver These authors also found that bile peritonitis and later common duct 
obstruction followed ivhen the common duct was fastened to the jejunum by 
sutures and the jejunal wall mvagmated about the duct with a puise-stnng 

Anastomosis between the bile ducts and the gastro-mtestmal tract in 
which transplanted tissues are used result in cicatricial stenosis, as shown by 
Horsley ®® Anastomosis by suturing the duct and gastro-mtestmal tract o\ er 

‘t References in this group are 9, 12, 16, 24, 25, 31. 32, 35, 36. 38, 29, 45, 48, 
49, 50, 52, 53, 58, 59, 65, 67, 69, 70, 71, 74, 76, 78, 79, 80, 83, 84, 88, 92, 99, 102, 104, 105, 
106, 111, 116, 120, 123, 125 
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a 1 iibbei lulje, oi the use of a i ubbei tube to bi icigc a gaj) I)ctween the tw o, 
\\as perfoimed by Biewer,-* Caben,-‘ FoA\lei,’' Mayo Jackson, Mallet- 
Gu}^’^” and Lahey,®’ uith lelatiA'cl}' pool results due to recuirencc of stneture 
when the tube was lemoved and obstiuction setondaiy to enci ustations about 
the tube Labe} stated that “the laige niajonly of cases A\ith lubber tubes 
have attacks of chills, jaundice and fevei ” McAithur"*' used a tube with a 
cuff on the duodenal end and lepoited satisfactor}' late results in fi\e cases 

A diiect sutuie was hist peifoimed b}’’ klayo''’ in two cases Guerr}^^® 
lepoited seven cases, with satisfactoiy results in foiii Judd®- anastomosed 
the hepatic duct to the duodenum In direct sutuie in 47 cases, there was 
contiactuie of the anastomosis in seven, aftei one to six months, also m 
another papei, Judd and Buiden®^ lepoiled 13 anastomoses of this Upe nith 

15 per cent failures Ladd and Gioss®’’ repoitcd nine cases well after fi\e to 

16 yeais, these neie instances of congenital stiictuie and atiesia of the biliaiy 
tract These authors stated “successful issue depends on care of doing anas- 
tomosis , it IS not necessaiv to form a valve-like submucous ti ansplantation 
The mucous membrane of the duct and stomach or duodenum must be accu- 
rately opposed and no stenosis must exist ’ Ehot,'*^ m 1936, collected, from 
the literatuie, 56 cases of hepaticodiiodenostom}, and found ri \Aell aftei ten 
to 20 yeais This authoi stated that “cholangitis is a frequent complication ” 
Walteis,^^® m 1939, lepoited 6r per cent of 80 operated cases of benign 
strictures of the common and hepatic duct anastomoses to the gastro-intestinal 
tract were performed, and 68 pei cent obtained good results 

An external biliary fistula was tiansplanted to the gastro-mtestinal tract 
m 41 cases collected by Eliot, and fiA'C good lesults lecoided Contracture 
of the biliaiy fistula was found to be common Lahej®" stated that “seA^eral 
failures w^eie due to repeated attacks of cholangitis ” 

Opeiativc Pioccdiue — The piincipal featuie of the method is the anasto- 
mosis of the bile duct to the gastio-intestinal mucosa bj’^ the neciosing effect 
of a No 6 plain silk tiansfixion sutuie put thiough the ductal w'all and 
gastio-mtestinal mucosa (Fig i) The serosa and musculature of the gastro- 
intestinal tract aie incised dowm to the submucosa A medial 01 posteiioi 
row of mattiess sutuies wdiicb eA^eit the edge of the gasti o-intestinal incision 
aiound the duct are mtioduced through the peiitoneum and connective tissue 
medial to the duct (Fig 2) The transfixion sutuie is mtioduced into the 
duct foi a distance equal to about tw^o times the diametei of the noimal duct, 
and the same length into the lumen of the gasti o-intestinal tiact The duct 
wMl and gastro-mtestinal mucosa are ciushed undei piessuie, by tying the 
tiansfixion suture The opeiation is completed by sutuimg the CA'eited ante- 
iior edge of the gasti o-mtestinal incision to the tissues lateial to the w'all of 
the duct wdiich places the duct in a coA'Cied submucous position in 1 elation to 
the gasti 0-intestinal tract This technic w^as employed m the expeiiments as 
w^ell as the followung A’^aiiation Figme 3 show^s how', 111 the majority of the 
expeiiments, the sutures betw^een the edges of the gastro-mtestinal incision 
and the periductal tissues aie mtioduced undei the duct In introducing these 
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sutuies at the most supeiioi poitions of the duct and the gastio-mtestmal 
tract, the tissues at the side of the duct aie employed foi sutuimg, m ordei to 
avoid constiiction of the duct (Fig 4) The completion of the operation is 
similar to that shown in Figuie 2 

Results — Anastomosis between the common bile duct and the gastio- 
intestinal tiact w^as peifoimed by this technic upon 55 dogs Deaths befoie 


A 


^ Djodcnohcpaticli^ 



B 

Fig I — A.nustomosis between tlie extnheputic bile ducts and the ■-tom ich, in which technic the 
sutures between the duct and stomach do not pass undci the bile duct (A) Showin„ tbe duodcno 
hepatic ligament pjlorus and distal end of the stomach on the lesser curtature of which an incision 
has been made through the seiosa and musculature li>ers (B) Showing the bile duct l\in„ beneath 
the peritoneum mattress sutures between the uadci mined edge of the incision and the periductal 
tissue lateral to the duct are started on the serosal side of the stomach and the stomach and duct 
are approximated Figure 2 shows the completed operation 


18 days w'cie caused by pneumonia, m 12, jaundice, in 9, evisceiation, m 3, 
leakage of anastomosis, m 2 , 1 upture of hepatic duct, m i , sponge under the 
liver, in 2 and causes uni elated to opeiation, in 2 

(A) Effect of Type of Neaoswg Sntive — Anastomoses, using a silk 
tiansfixion neciosing sutuie was established 38 times m 34 dogs (Figs 5 and 
6) Ining ovei se\en dajs, with three exceptions which will be discussed later 
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Fom anastomoses vising catgut, one using a stiand of doubled silk, and one 
using heavy seium-pioofed silk were not established 

(B) Effect of Removal of the Poitoncnm fiom the Bile Duct — ^Two 
simultaneous anastomoses (Fig 7), of i cm each, in six dogs, one through 
pel itoneahzed duct and one thiough depeiitoneah/ed duct, lesulted in all, 
through a pei itoneahzed duct being established, and three, because of a deper- 


A 

Mesial musculo pcnloniAl 
sutUT cs Vied Nccroslncf suture 
placed. Vo lojn hepatit duettd 
stomacK S /\\ J 


B 



Necrosing suture tied 
Mu-.culo poriLontal matt 
reuses placed lateral to 
hepatic duel / / 


iNccroseMf 
'it 




Tig 2 — Continintion of ainstoniosis between the bile duct and the stonnch (see Tijr i) ( V) 
Curved cutting needle on silk tnnsflMon suture Ins been pisstd into the bile duct longitudimllv , md 
into the lumen of the stoimeli thiough the g-istric mucosa parallel to and c<]ual in length to that in the 
bile duct the posterior row of sutures (Cig i) lias been tied lateral edge of the 

duct and the posterior edge of the gastric incision (B) T suture tied under 

pressure and the musculoperitoiieal mattress sutures placed are started on the 

gastric serosa, thus everting the undermined edge around the duct (C) Lateral mattress sutures tied 
thus covering the duct and gastric mucosa containing the transfi\ion necrosing suture, operation niaj 
he coirmleted b> suturing omentum over the suture line (D) Sectional view showing bile duct in the 
wall of the stomach peritoneum of the duodcnoliepatic ligament, looking distallj down the bile duct 
toward the obstructive stricture in the duct and the anastomotic stoma between the bile duct and the 
stomach This technic was employed in some of the experiments reported and is less difficult to 
perform, both choledoclioduodeiiostoni> and choledochogastrostomj were performed in this waj 


itoneahzed duct, failing to be established These are the three failures men- 
tioned previously 

(C) Effect of Sme of Anastomosis — ^An anastomosis of i cm in eight 
dogs resulted m universal dilatation of ducts and regurgitation of intestinal 
contents with liver necrosis m 2, and livei abscess in i The anastomosis 
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was 3 to 7 Mm after one to 13 months Deaths were due to pneumonia, m 
3 , emaciation, 2 , liver abscess, i , infected wound, i , and one was sacrificed 
The results aie shown m the upper part of Table I 



Fig 3 — Anastomosis betssetn the extrahepatic bile ducts and the duodenum (A.) Cursed needle 
on silk transfixion necrosing suture has been placed into the lumen of the bile duct and out, producing 
a suture longitudinallj in the duct, including duct wall and peritoneum oserljing the duct (B) Loiigi 
incision through serosa and muscle of the duodenum (C) Edges of incision undermined (D 
h G) Showing insertion of mattress suture between the edge of incision and the region of the bile 
sidure is started on the serosal side to insert the incision around the duct these sutures pa'^s 
under the duct Figure 4 shosss completion of the anastomosis 

All anastomosis of o 5 cm in 13 animals resulted in the absence of path- 
ologic changes in all, excepting ductal dilatation in 2, and slight liver necrosis 
in I The anastomosis was 5 to 3 Mm after one to nine months Deaths 
were due to pneumonia, in 4 , hepatic failure, i , and 7 were sacrificed The 
lesults are shown in the lowei pait of Table I 

(D) Effect of Immediate Section of the Common Duct Beloiv the Anas- 
tomosis — ^The common bile duct was immediately sectioned below the anasto- 
moses measuring o 5 cm in 23 dogs In ten, living 18 da3is to nine months, 
this resulted in the absence of pathologic changes in all, excepting one show ing 
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leguigitation and slight liver neciosis Eaily deaths, before i8 days, were 
caused by pneumonia, in lo, jaundice, in i, rupture of hepatic duct, in i, 
and infected wound, in i Late deaths. i8 days to nine months, were 
caused by pneumonia, in 2, infected wound, i, and 7 weie saciificed (Figs 
8 and 9) 



Fig — Contiiiuition of nmstomosis between the extr ihepitic bile duct "ind the duodenum (A) 
First imttress suture (Fig 3) "ind second ln\c been jiHced the thud (B) is between the incision edge 
and the periductal tissue medial to the duct, to a\oid stricture of the duct hj the suture (C) The 
transfixion necrosing suture winch was placed into the duct (Fig 3 A) has been put on a ctirted 
cutting needle and passed into and out of the lumen of the duodenum eatching the duodenal mucosa 
parallel to and equal to the length of suture alread> in the ductal wall (B) The nonconstricting third 
mattress suture has been tied, approximating the duodcti il incision and the medial side of the duct 
(D) A suture similar to that shown in (A) is placed to approximate the upper part of outside edge 
of incision to lateral wall of bile duct (E) Anastomosis is completed bj passing the sutures through 
the free duodenal edge tMnc and thus coiering the duct and transfixion necrosing sutuie which has 
been tied under pressure (F) Completed operation showing submucosal tiosition of bile duct and the 
immobilization of the duodenum and the approximite position of the stoma This technic was empiojed 
in most of the experiments reported, both in anastomosis between the stomach and bile duct and 
between the duodenum and bile duct 


(E) Effect of Site of Ana'Stoinosis in the Gcisti o-Intcstmal Tiact — An 
anastomosis of o 5 cm between the common bile duct and duodenum in ten 
animals lesulted in absence of pathologic changes in all, except 1 egui gitation 
and slight livci neciosis in one The anastomosis was 5 to 3 Mm aftei one 
to lime months 

An anastomosis of o 5 cm between the common bile duct and the stomach 
in thiee dogs, living one to tlnee months, lesulted in absence of pathologic 
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changes in all The anastomosis 
was 3 Mm (Fig lo) 

(F) Effect of Type of Gas- 
i) o-Intestinal Iiicnwn — A tians- 
veise gastio-intestinal incision 
was made m connection with the 
anastomoses of 05 cm in thiee 
animals, living 18 days to five 
months, and lesulted m livei 
neciosis and legurgitation 111 one 
A longitudinal gastio-mtes- 
tinal incision was made in con- 
nection AMth the anastomoses of 
05 cm 111 13 animals, living one 
to nine months, and lesulted in 



Fig 5 — A photoniiciop;rapli of a ci oss section ot 
anastomosis betueen the common bile duct mcl the duo 
denum, taken 48 hours after operation Neciosis of the 
ductal wall and duodenal mucosa, indicated b\ ariow 
has occurred demonstrating the earlj establishment of 
choledochoduodenostom\ , to be compared to illustration 
(D) of Figure 2 


the absence of pathologic changes m all (Fig ii) 


Table I 




GROUP I 

ANASTOMOSES OP ONE 

CENTIMETER 


No 

Mos 

Anastomosis Regurgitation 

Ductal Dilatation 

Liver 

9 

I 

5 Mm 

Positive 

2 times 

Normal 

12 

2 

4 Mm 

Positive 

4 times 

Normal 

7 

3 

6 Mm 

Positive 

3 times 

Necrosis 

6 

4 

7 Mm 

Positive 

2 times 

Normal 

2 

4 

S Mm 

Positive 

4 times 

Abscess 

S 

6 

6 Mm 

Positive 

I times 

Necrosis 

II 

8 

4 Mm 

Positiv e 

1 times 

Normal 

I 

13 

3 Mm 

Negative 

4 times 

Normal 



GROUP II 

WASTOMOSES OP ONE HAI P CENTIMETPR 


13 

I 

5 Mm 

Negative 

Negative 

Normal 

40 

I 

3 Mm 

Negative 

Negative 

Normal 

55 

I 

3 Mm 

Negative 

Negative 

Normal 

45 

2 

3 Mm 

Negative 

Negative 

Normal 

35 

2 

4 Mm 

Negativ e 

Negative 

Normal 

48 

3 

3 Mm 

Negative 

Negativ e 

Normal 

44 

4 

4 Mm 

Negative 

Negative 

Normal 

39 

5 

3 Mm 

Negative 

Negativ e 

Normal 

33 

5 

5 Mm 

Negative 

Negativ e 

Normal 

25 

5 

3 Mm 

Negative 

Negative 

Normal 

15 

5 

3 Mm 

Positive 

2 times 

Necrosis 

16 

8 

3 Mm 

Negative 

Negativ'e 

Normal 

32 

9 

3 Mm 

Negativ e 

2 times 

Normal 

(G) Effect of Removal of Gallbladdei Togcthci zvith Section of the 

mon Duet — 

-The g 

allbladder 

■was removed simultaneously with section 


common duct and tlie perfoimance of an anastomosis of o 5 cm in three ani- 
mals, In mg five to eight months, resulted in the absence of pathologic changes, 
m 2, and leguigitation and slight Iivei neciosis m i The anastomosis was 
3 Mm (Fig 12) 

Pieoperatne cultuies ot gallbladder bile m 21 dogs lesulted m three 
positne cultuies Postoperatne cultures of gallbladder bile and of the liver 
m SIN dogs, one to nine months after anastomosis, resulted m all positne 
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rri i If I j- j-pT-f-y- |-py -y 

Fig 6 — A pliotogripli of duodctnl miicosi the <;ite of clioledochoduo 
denostomj :3 months after operation The an'istomolic opcniiiR measured 
tlnee millimeters in diameter and was protected hj a fold of duodenal 
mucosa The common duct was sectioned distal to the anastomosis one month 
after cholcdochoduodcnostomj was performed 



Fir 7 — A photogiaph of a double choledocho 
duodenostomj fiom the duodenal side nine months 
aftei opeiatioii The anastomosis on the left was 
peifoiiiied aftei depentoiiealization of the duct 
and measured three millimeters in diameter while 
on the right the duct remained peritonealired and 
the opening measured file millimeters in diameter 


cultuies This suggests that anasto- 
motic openings between the bile ducts 
and gastio-intestinal tiact lesults in 
the piesence of bacteiia in the bile 

CONCLUSIONS 

(i) In the anastomosis of the 
bile ducts to the gastro-intestinal tiact 
the size of the anastomosis appears 
to be important 

The necrosing suture must in- 
clude a bite of tissue about two times 
the diameter of the normal duct, 
which lesults in an opening slightly 
laigei than the diametei of the duct 
This results in a lack of stenosis of 
the stoma which is, on the other 
hand, small enough to prevent re- 
guigitation of gross contents of the 
gastro-intestmal tract If the necros- 
ing sutuie is made to pioduce an 
opening two or three times the diam- 
624 


Tig 8 — (A) Photognpli of fresh specimen of li\er, bile ducts, duodenum and Fig 9 — (A) Photograph of fresh specimen, nine months after opeiation, in which 

anastomosis, five months after operation (B) Photograph of magnification of the fresh choledochoduodenostomy was performed, and the common duct remained in continuity 
duodenal mucosa showing the anistomotic opening, which was oval, and measuied three to the ampulla, the bile ducts are dilated (B) Photograph of the anastomosis, after 
millimeters in diameter fiv-ing m formalin, which measured three millimeters in diameter 
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eter of the noimal duct, i egurgitation of gioss pai tides of gastio-intestinal con- 
tents IS common, and dilatation of the ducts, and infection of the In ei occni s 

(2) This method of transfixion ueciosing sutuie appeals to be a simple 
pioceduie to attain this objective, and is moie contiollable than a dnect 
layei -sutuie 

A 



B 


Pic 12 — fAl Photo},nph of frc>;li specimen of iner common ink duct iiul duo 
dcnnl will with the in istomosis, shown fi\e months ifter opention (B) I’hoto},r iph of 
imstoinosis, ifter fiMiif, in form dm which mtisnrcd 313 Mm 

(3) As a tiansfixion sutuie a single silk ligatuie is the best mateiial, and 
it should ah\ays be employed on peiitonealized duct vlnch insures jirojicr 
adheience of the peiitoneal sui faces of the duct and the gastro-nitc‘'tinal tract 

(4) A silk tiansfixion necrosing sutuie toi anastomosis between the bile 
ducts and the gastio-nitestinal tract was efficient in 38 anastomoses in 34 
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dogs It failed in thiee, where the duct was depentoneahzed In other words, 
It IS a reliable method to produce a controlled size of anastomosis Its adop- 
tion on expel imental findings is debatable, but it is an easily pei formed 
anastomosis between the bile ducts and the gastio-mtestmal tract, and facili- 
tates the operation where the layer-suture procedure is very difficult to 
pel form 

(5) No conclusion could be leached about the most desirable site in the 
gastro-intestmal tract foi anastomosis, except that lack of tension is veiy 
impoitant — longitudinal incision through the serosa and the muscle of the 
gastio-mtestmal tract seems desiiable 

(6) A silk tiansfixion necrosing sutuie lequnes fiom two to foui da)’^s to 
cut through, and, if earned out in the piesence of complete obstructn^e jaun- 
dice, external biliary diainage should be temporal ily beneficial 

Assistance m illustrations was rendered by G W Reis, AI W Praddock, and the 
Photography Department of Rush Medical College 

BIBLIOGRAPHY 

^ Allen, \ W Bilian Tract Suigerv and the Bad Risk Case Surgerj, 7, 924, June, 
1940 

“ Allen, A W , and Wallace, R H Technic of Operation on the Common Bile Duct W’lth 
Special Reference to Instiumental Dilatation of the Ampulla of Vater Am Jour 
Surg , 28, 533, 1935 

® Archibald, E Does Cholecj stenterostomy Dnert the Flow of Bile fiom the Common 
Duct? Canad Med Assn Jour, 2, 557, 1912 
* Archibald, E A Discussion of the Theories Concerning the Causation of Acute Pan- 
creatitis Sixteenth L L McArthur Lecture, Frank Billings Foundation, Institute 
of Medicine, Chicago, April 26, 1940 

° Aschoff, L Die Erkrankungen der steinfreien Gallenw'ege, Anatomisches Referat 
Verhandl d Deutsch Gesellsch f Uni Med , 44, 261, 1932 
•’DeBakej, M, and Ochsner, A Simple Technic for Cholecj stogastiostonn Surgcij, 
6, 126, July, 1939 

~ Berg, B M , and Jobhng, J W Effect of Transplantation of Common Duct upon 
Gallbladder Function Proc Soc Exper Biol and Med , 24, 434, Februarj , 1927 
® Babcock, W W Cholecj stogastrostomy and Cholecj stoduodenostomj Amei Join 
Obstet , and Gynec , i, 854, 1920-1921 

® Bachrach, W H, and Fogelson, S J Choledochojej unostomy An Experimental 
Study after Resection of the Duodenum and Seven-eighths of the Stomach Surgen, 
6, No 6, 882, 1939 

“ Branch, Oiville, and Oliver Quoted by Bacbrach and Fogelson ^ 

“ Beall, F C , and Jagoda, Samuel Injection of Bile Ducts wnth Barium JAMA, 
74, 1483, 1921 

Beaver, M G , and Mann, F C Some Suggestions in Experimental Surgery 
Annals or Surgck\, 95, 620, 1932 

Behrend, M The Failure of Surgery on the Extrahepatic Biliary Passages JAMA, 
73, 892, September, 1919 

“Bernhard, F Die Fruehund und Spaetergebmsse der Cholecystogastrostomie, der 
Cholecj’^stoduodenostomie und Choledochoduodenostomie bie 128 Fallen Deutsch 
Ztschr f Chir , 242, 736, 1934 

Bernhard, F The Present Status of Surgery of the Biliary Tract Der Chir , 
12, 341, 1940 


628 



rouune 114 BILIARY-INTESTINAL ANASTOMOSIS 

dumber 4 

Berg, B N Gallbladder Function after Division of the Common Duct and Trans- 
plantation of the Proximal Segment Surg, Gjnec, and Obstet, 46, 464, 1928 
Beye, H L Conditions Necessitating Surgery Following Cholecystectomy Surg , 
Gynec , and Obstet, 62, 191, 1936 

Brackin, REA New Method of Uretero-intestmal Anastomosis Utilizing Peri- 
toneum Arch Surg, 40, 659, April, 1940 

Brandt, R Die Bildung eines kunsthchen Choledochus mittels eines emfachen Drain- 
rorhes Deutsch Ztschr f Chir , 119, 1, 1912 
Brewer, G E Hepaticoduodenal Anastomosis A^txals or Surgery, 51, 830, 1910 
Brewer, G E Some Observations upon the Surgerv of the Biliary Passages Surg , 
Gynec, and Obstet, 15, 433, May, 1912 

-- Burden, V G Obsen^ations on the Histologic and Pathologic -^natoinv of tlie Hepatic, 
Cystic and Common Bile Ducts Annals of Surgery^ 82, 5S4, 1925 
Burget, G E The Regulation of the Flow of Bile Effect of Elimination of the 
Sphincter ot Oddi Am Jour Phys , 79, 130, 1926 
Cahen, Fritz Bildung eines kunsthchen Choledochus mittels Drainrorhes (Israel 
Asly Kohl) Deutsch Ztschr f Chir, Bd 122, h/3/4, 331, 1913 
-^Coffey, R C Pancreatico-enterostomy' Annals or Surgery, 50, 1238, 1909 

Coffey, R C Production of Aseptic Uretero-enterostomy' by a Suture Transfixing the 
Ureteral Wall and the Intestinal Mucosa JAMA, 94, 1748, 1930 
Canonico, A Common Bile Duct Obstruction Importance of Surgical Decompression 
Brit Med Jour, 2, 59, 1940 

Counsellor, B S, and Mclndoe, A H Dilatation of the Bile Ducts (Hydrohepatosis) 
Surg , Gynec , and Obstet , 43, 729, 1926 

Davis, L Reflux of Duodenal Contents Through the Bile Duct New England Jour 
Med , 200, 313, February, 1929 

Douglas, J Postoperative Stricture of the Hepatic Duct Annals or Surgery, 84, 
132, 1926 

Eliot, Ellsworth, Jr Benign Cicatricial Strictures of the Bile Ducts Ax'NAls or 
Surgery, 104, 668, 1936 

Eliot, E, Jr The Repair and Reconstruction of the Hepatic and Common Bile Ducts 
Surg , Gynec , and Obstet , 26, 81, 1918 

Florcken, H, and Steden, E Choledochoduodenostoiny Arch f klin Chir, 124, 
49, 1923 

Ellis, J C, and Dragstedt, L R Liver Autohsis in Vivo Arch Surg, 20, 8, 1930 
Fowler, F W Reconstruction and Repair of the Hepatic and Common Bile Ducts 
Surg , Gynec , and Obstet , 29, 387, 1918 

Fullerton, A Anastomosis Beh\een the Common Bile Duct and Duodenum for 
Obstructue Jaundice Brit Med Jour, 2, 1118, 1907 
Gage, I III Cholccy stogastrostomi and Cholecy'stoduodenostonn Proc Soc Exper 
Biol and Isled , 28, 693, 1931 

Gaston, J IMcF On the Practicality of Establishing an Artificial Fistulous Opening 
in the Human Subject Bct\seen the Gallbladder and the Duodenum Brit Med 
Jour, X, 267, Februari 5 1887 

■’'’Gaston, J IiIcF On the Practicality of Establishing an Artificial Fistulous Opening 
Between the Gallbladder and the Duodenum in the Human Subject South Med Rcc , 
15, 88, Atlanta, 1885 

•’“Gatewood, and Poppens, P H Cholecy stcnteroslomy from the Experimental Stand- 
point Surg , Gynec and Obstet , 35, 445, October, 1922 
Gatewood, and Lawton S E Effect of Cholecy stenterostonn on the Biliary Tract 
Surg Gynec, and Obstet, 50, 40 January 1930 
Gentile, A Cholcci stogastrostomi and Hepatitis Experimental Study Arch 
Surg . 30, 449 1935 


629 



BRACKIN AND DAVID 


\nmls of Snrj,er\ 
0( t ()l»t r 1 'I*! 1 


Gibbon, J H Review of the Operations Done on the Gallbladder and Ducts Annais 
OF SuRGiRV, go, 367, 1929 

Glenn, F Exploration of the Common Bile Duct Axnals or Slrcirv, 112, 64, 
Juh, 1940 

'’Gohibandt, F Anastomosis of an Inti i-hcpatic Bile Duct with the Stomach 01 Duode- 
num, h\ Means of a Ruhhci lube Arch f Chii , 179, 665, 1934 
Graham, E In discussion on Whipple, Pirsons, and Mullins’-^ 

Grey, E G An Experimental Studj of the Effect of Cholec\stogastrostomj Upon 
Gastiic Aciditi Jour Exper Med, 23, 15, 1916 
^®Gueiij% L E Reconstruction of the Choledochus J \ M A , 71, 1294 
Guerry, L E Reconstruction of the Bile Passages u ith Special Reference to Hepat- 
icoduodenostonn ^xxais 01 Surglr\ , 92, 663 1930 
Guerry, LEA Technic for Hepaticoduodenostonn Axxais of Scrgerv, 102, 780, 
October, 1935 

Fliggins, C C Aseptic Uretero intestinal Anastomosis Jour Urol , 31, 791, 1934 
"“Higgins, C C Transplantation of the Uictcrs into the Rectosigmoid Jour Urol 
37, 90, Januaij 1937 

Horsley, J S Reconstruction of the Common Bile Duct JAMA, 71, 1188, 1918 
Horgan, E Reconstruction of the Biliaiy Tract Alacmillan and Co, 1932 
"" Hunt, V C Reconstiuction of the Common Duct Surg Clin North America, 14, 
No 6, 1389 December, 1934 

"’'“Hunt, V C Ohstructne Jaundice Its Suigical Consideration Northwest Med, 39, 
358, Octohei, 1940 

■'Ivy, A C, and Sandhlom, P Biliarj D\skinesia Ann Int Med, 8, 115, August, 

1934 

"’“'Jackson, R H Anterior Choledochojejunostonn Surg, Gmioc , and Obstet, 19, 
232, 1914 

Jones, T E Hepaticoduodenostonij Report of a Case Clev CIni Quar , 5, 85, 
April, 1939 

Judd, E S , and Burden, V G Internal Biliary Fistula Annals or StRCCRV, 81, 305, 
January, 1925 

Judd, E S , and Burden, V G Benign Strictures of the Bile Ducts Arch Surg , 
II, 459, 192s 

'“Judd, E S, and Parker, B R Biliare Intestinal Anastomosis for Obstructne Jaun- 
dice Analysis of 137 Cases Arch Surg 7, i, Juh, 1928 
'^Judd, E S Sidetracking Operations in Obstructive Jaundice J A kl A , 91, 300, 
1928 

Judd and Mann Quoted bj Burden -“ 

““ Ladd, W E , and Gross, R E Surgical Anastomosis between the Biliarj and Intes- 
tinal Tracts in Children Annals or Sukglrv, 112, 51, Juh, 1940 
Lahey, F Treatment of Common Duct Biharj Fistulae by Anastomosing Them into 
the Stomach Surg Clin North America, 4, No 6, 1483, December, 1924 
‘"Lahey, F Stricture of the Common and Hepatic Ducts Annals or Surgerv, 105, 
765, May, 1937 

Lahey, F , and MacKinnon, D C Carcinoma of the Pancreas Surg Clin North 
America, 18, 704, 1938 

'■'’Lehman, E P Hepatitis Following Cholecj stogastrostoim Arch Surg, 9, 16, 
July, 1924 

""Mallet-Guy, P Biliary-Intestinal Anastomosis Late Results Jour de Chir , 55, 

303. 1940 

Mann, F C, and Kawanmra, K Duodenectomj Annals of Surgfrv, 75, 208, 
1922 

Mann, A T A Rubber Tube in the Reconstruction of the Obliterated Bile Duct 
Surg, Gvnec , and Obstet, 18, 326, 1914 
Mason, J T Technic of Cholecystogastrostomj J A M A , 94, 29, 1930 

630 



A«wii4 BILIARY-] Intestinal anastomosis 

>»unincr 4 

Alason, 1 1, and Bakci, T \V Cholcdochodiiodenostomy A Modified Technic 
Snig Clin North America, 13, No i 113, February, 1933 
"’’’Maio, W J Some Reinaiks on Cases Iinolving Oiieiativc Loss of the Contiiuiih of 
llie Bile Ducts Am Tour Surg , 42, No i, 90, 1905 
Ma^o, W T An NATS 01 Suiu.iin., August, 1915 

Maio, W T Siirgeri of the Hepatic and Common Bile Ducts Lancet, i, 1299, 1923 
■■^Alaio W 1 Reconstruction of the Bile Passages Aftei Serious Injtii} to the Com- 
mon 01 Hepatic Ducts Surg Gmicc , and Obstet , 22, i, 1916 
■'’McArthur L L Repaii of the Common Duct Surg Clin North America, 3, No 4, 
953, 1923 

AIcEaehein, J D Hcpaticoduodenostonn for Injuri of the Bile Duct During 
Choice! stectonn Anwisoi Seuca in, 75, 196 1922 
McM'hortcr, G H E\pei imental Suture of the Common Bile Duct with New Alethods 
of Anastomosis Results after 1 wo and One-halt A’ cars Surg Clin North America, 
12, 163, Fchruan, 1932 

AlcWhorter, G H Clinical and E\pcrimcntal Operations on Gallbladder and Common 
Bile Duct Results of Primal \ Suture Arch Surg 35, 1099 1937 
Miri77i, P L Cholec! stduodcnostonn \*ahular, rcehnia Pcisonal Bol j trab Soc 
de Chir dc Buenos Aires 18 1319 1934 

Mu7cneck, P Expei uncut il Cholcdochocntciostonn Dcutsch Ztschi f Clui , 19s, 
217, 1926 

N!gaard, K K Sheldon O H and \\ liters M'altman Stricture of the Bile Ducts 
Results m 51 Operated Cases Proc Staff Meet Majo Clinic 12, 23, Januar\, 1937 
Octtle, E Late Results of Hcpaticoduodenostonn Accoidmg to the Guet7e Method 
Arch f kill! Clur , 193, 422, 1938 

Ochsner \, and DcBakc!, M Chnstophei’s Textbook of Siirgen Philadelphia, 
W B Saundcis and Conipain, 1936, pp 1283 
Pachard, 11 Peimanent Stenosis of the Ductus Communis from Inflammation or 
Cicatricial Contraction of a Duodenal Ulcer Boston Aled and Suig Joui , 159, 
106, 1908 

Peterman, J Anastomotic Oiierations Between Bihar\ Tract and Intestinal Tract 
Aled Klin , 35, 464 April, 1939 

Phillips, J R , and Kilgore, J F Primar\ Inflammatorv Stricture of the Common 
Duct \m Jour Surg 27, 545, 1935 

Polter, J C, and Alaiin, F C Piessure Changes in the Bihar\ Iract Am Jour 
Afed Sci , I7I, 202, 1926 

Poth, E J Cysticoduodenostonn An Experimental Study Axnals or Surgiri, 
98, 374, 1933 

'' Puesto, C B The Dischaige of Bile into the Duodenum Arch Surg, 23, 1013, 1931 
Ravdin, I S, and Frariei, W D The Advantage of Gradual Decompression Follow'- 
ing Complete Common Duct Obstruction Surg, Gjnec, and Obstet, 65, ii, Julj', 

1937 

Reich, H Choledochal Denervation A New' Procedure for the Relief of Biliarj^ 
D3skinesia Sing, Gjmcc , and Obstet, 71, 39, Jul3% 1940 
Redell, G Surgical Anastomosis in Cholelithiasis Lyon Chirui , Pans, 36, No 5, 

513, 1939 

''■ Rost Quoted by Burden -- 

'‘‘‘Roth, P P The External Cholcdochoduodcnostomv Its Immediate and I ate Results 
in Cases m which the Indication Is Onh Rclatne Frankfoi t-On-Main, Dissert, 

1939 

’’"Russel, T H Repair of Injuied Common Duct Tr New York Suig Soc, Alarch 9, 
1932 


631 



BRACKIN AND DAVID 


Annals of feurcen 
October 1941 


Russel, T H Repan of Injured Common Bile Duct Annals of Surgery, 97, 
121. 1933 

Sandblom, P , Bergh, G S , and Ivy, A C Cliolecystduodenostowy Combined with 
Pjloric Exclusion Annals of Surgcrv, 104, 702, 1936 
Stoney, R A Choledochoduodenostomy Irish Jour Med Sci , Sixth Series, 118, 
120, March, 1929 

Summers, J E Surgery of the Gallbladder and Bile Ducts Tr Am Surg Assn , 
29> 347 . 1911 . Annals or SuRGER-i, 54, no, 1911 
Schragen, V L , Ivy, A C , and Morgan, J E A Method for the Plastic Reconstruc- 
tion of the Common Bile Duct Surg, Gjmec , and Obstet , 54, 613, 1932 
Soupault, R , and iMallet-Guj , P The Technic of Choledochoduodenostony Jour 
de Chir , 55, 313, 1940 

Sullivan, A G Reconstruction of the Bile Ducts JAMA, 53, 774, 1909 
Sweester, H B Injur\ to the Bile Ducts and Methods of Repair Annals of Sur- 
GER\, 73, 628, 1921 

Trautman, M , Robbins, H J , and Stewart, C C An Experimental Study of the 
Operation of Cholecj stenterostomy Surg, Gjnec, and Obstet, 44, 612, 1927 
Wallin, J E Watermelon Seed in Gallbladder Annals of Surgfr\, in, 328, 1940 

110 Walters, Waltman Choledochoduodcnostomv Followed bj Duodenal Fistula A Studj 
of the Chemical Changes in the Blood Surg Clin North America, 6, 1195, Octo- 
ber, 1926 

Walters, Waltman Strictures of the Common and Hepatic Bile Ducts Surg, Gjnec, 
and Obstet , 48, 305, 1929 

Walters, Waltman, and Marshall, J M Reflux of Pancreatic and Duodenal Secretion 
Through Drainage Tube in Common Duct Surg, G\ncc, and Obstet, 50, 627, 1930 

113 Walters, W Successful Resection of the Ampulla of Vater, Including a Portion of 
the Duodenum luth Clioledochoduodenostoni} , for Carcinoma of Ampulla, of Vater 
Surg , Gjmec , and Obstet , 55, 648, 1932 

Walters, W Resection of the Common and Hepatic Bile Ducts and the Ampulla of 
Vater for Obstructing Lesions Results m 30 Cases Surg , Gvnec , and Obstet , 56, 
235, February, 1933 

iiB Walters, W, and Lewis, E B Surgical Treatment of Strictures of the Common 
Duct in 22 Cases Proc Staff Meet, Majo Clinic, 13, 705, Noiember 9, 1938 

110 Walters, W Strictures and Injuries of the Bile Ducts JAMA, 113, 209, 1939 
Walters, W The Pathologic Phjsiologj" of the Common Bile Duct Seventeenth 
L L McArthur Lecture, Frank Billings Foundation, Institute of Medicine, Chicago, 
March 28, 1941 

118 Walton, A G Reconstruction of the Common Duct Surg, Gynec, and Obstet, 21, 
269, 1915 

Wangensteen, O H Cholangitis Following Cholecj stenterostomj Annals of Sur- 
ger\, 87, 54, 1928 

1”® Whipple, A O Sidetracking Operations for Bile Duct Obstruction Annals of 
S uRGER\, 86, 540, October, 1928 

i”i Whipple, A O , Parsons, W B , and Mullins, C R Treatment of Carcinoma of the 
Ampulla of Vater Annals of Surgerj, 102, 763, 1938 

122 Whipple, A O Surgical Treatment of Carcinoma of the Ampullarv Region and Head 
of Pancreas Am Jour Surg, 40, 260, 1938 
Wildegans, H The Healing After Anastomosis Between the Bile Ducts and Gastro- 
intestinal Canal Chir , 2, 991, November, 1930 
Westphal, K Quoted by Ivj’^ and Sandblom 

1”” Wilson, G E Benign Strictures of the Bile Ducts with a New Method of Treatment 
Surg , Gynec , and Obstet , 68, 288, i939 

1”® Zollinger, R A Method of Valvular Cholecystogastrostomj Surg , Gj nec , and 
Obstet, 70, 71, January, 1940 


632 



Aolumo ui BILIARY-INI ESTINAL ANASTOMOSIS 

iMimbcr 4 

Discussion —Dr Waitman Waitlrs (Rochestci, Minn) Doctors Brackin and 
DaMd have applied tins method of transfixion suture necrosis anastomosis to the technic 
of anastomosis between the common bile duct oi gallbladder and the duodenum or the 
stomach, which Doctoi Coffej was fust to describe m the anastomosis of the ureter to 
the intestine 

Two jears ago Doctor Brackin piesentcd his experimental studies on ureterosig- 
moidal anastomosis, and emphasi/ed at that lime, as he did again to-day, the fact that 
when the peritoneum was allowed to remain in contact with the ureter (and in contact 
with the common bile duct in the expeimients of this jear), a more satisfactory anasto- 
mosis occurred without the dcgiee of contraction which otherwise resulted w'hen the 
peritoneum was deflected 

It seems to me that, as Doctor Brackin brought out in his concluding statement, a 
suflicient period will ha\e to elaiisc after application of this principle to biliary-intestinal 
anastomosis for patients before one can airne at a definite decision that it is superior to 
the direct method of anastomosis which we all know 

I am Aer\ much interested in Doctor Brackin’s report of his results in three cases in 
which the method had been enii)lo\ed in ureterosigmoidal transplantation One of these 
patients now has h\ed more than 24 months, and has been without e\idence of obstruction 
at the anastomosis, or without e\idence of renal infection 

I think the experiments ha\e been well concened and well earned out I am not 
com meed that the method is a superior one in the matter of reduction in the amount of 
infection in the hihars tract subsequent to its use, in comparison to those cases in w'hich 
direct anastomosis is used ruithermore, I nc\cr ln\c been thoroughly convinced that a 
method which is dependent on factois over which the surgeon does not have complete 
control — and h\ that I nitaii tranfixion suture necrosis anastomosis — is superior to the 
direct method of anastomosis 

I should like, also, to call attention to the fact that w'lth the deeply jaundiced patient, 
where this method of anastomosis is used, in that period of danger, namely, the 48 hours 
subsequent to operation, in which bleeding is hkeh to occur and hepatic and renal in- 
sufficiency maj take place, the great safeguard against those possibilities of bleeding and 
of the development of hepatic insufficiencv immcdiatelj after operation is immediate relief 
of the obstruction I am sure it has been the experience of all surgeons in operations upon 
deeph jaundiced patients, that those who fail to recover usuallv are those whose obstruc- 
tion has not been completelv relieved, and whereas the patient may not have had evidence 
of bleeding or hepatic or renal msufficiencj prioi to opeiation, it may develop immediately 
subsequent to operation 

Furthermore, I am not convinced that anastomosis of the gallbladder to the stomach 
or duodenum mav not have superior adv'antages when it is done for the human being over 
those of anastomosis of common bile duct, remembering, of couise, that mention w'as made 
of the application of this method to anastomosis of the gallbladdei as well as the common 
bile duct 

In such cases, it seems worthv of emphasis that among human beings, when direct 
anastomosis of the gallbladder is made to the stomach or duodenum, contrary to these 
experimental results, a larger anastomosis is preferable to a smaller one, the reason 
probablj' being that in the smaller anastomosis edema occurs at the site of the anastomosis, 
interfering with relief of the obstruction, with bleeding and hepatic insufficiency possibly 
occurring subsequently 

I think the method is worth> of trial in suitable cases, and I think that it may demon- 
strate some advantages over the direct method I should like to suggest to Doctor 
Brackin that further study might be worth while in determining the relative relationship 
between intragastric or intraduodenal pressure and intrabihary pressure among human 
beings in comparison to such pressures m experimental animals 

I believe the reason that intrahepatic infection develops among so few patients subse- 
quent to cholecysto-enterostomy is that the liver has sufficient natural capacity to withstand 
infection which undoubtedly occurs, m contrast to the situation in the experimental animal, 
but in addition, I believe there is a possibility that when complete obstruction is present 
m the human being the amount of secretory pressure m the biliary tract is sufficient to 
prevent the fluid in the stomach or duodenum from regurgitating into the extrahepatic 
biliary tree, even though some of it might reach the gallbladder In the case of the gall- 
bladder, as was brought out this afternoon, there probably is associated some mechanism 
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concerned with the emptjing oi filling of the gallbladder around the valves of Heister, 
which might exert a protective influence when foreign fluids enter the gallbladder 

Dr Thomas H Lanman (Boston) I was verj much interested in hearing the two 
last speakers I want to speak of some experiences we ha\e had at the Boston Children’s 
Hospital m treating congenital anomalies of the bile ducts 

We agree with Doctor Walters, that direct anastomosis seems to serve better than 
any other method, and we are not at all afraid of having a large stoma in these small 
patients The results, as w'e have follow'cd them for eight or ten years, are most satis- 
factory, and we have been impressed not onlj w'lth the relief of sjmptoms but with the 
very great power of liver regeneration that these young patients exhibit, once the ob- 
structive jaundice is relieved These patients are usuallv operated upon at one to tw’O 
months of age All of them have had no communication betw'een the liver and gastro- 
intestinal tract We feel that the direct anastomosis is, if possible, more satisfactorj m 
this type of young patient 

Dr Vernon C David (Chicago, 111, closing) I agree with Doctors Walters and 
Lanman, that in most obstructions, wdiere the gallbladder is still present, the direct 
anastomosis, by suture of the gallbladder into the gastro-intestinal tract, is a verj satis- 
factory and proper means of anastomosis My particular interest in this method was 
stimulated by the difficult cases, where the gallbladder has been taken out, where the 
ducts are difficult to find, and where the mechanical problem of making a layer of anasto- 
mosis betw'een the common duct and the gastro-intestinal tract presents a real problem 

One such instance I should like to relate brief!}, where the principle of necrosing 
suture w'as employed A patient, operated upon elsewhere for gallstones had, followang 
her operation, a rapidly deepening jaundice, she was told b\ her surgeon that an anomah 
of the ducts had been present, so that it was necessarv to insert a tube in part of the 
ductile system to convey the bile The jaundice persisted, and w'as accompanied b} the 
usual picture of sepsis, chills, and fever 

Two years after this occurrence, the patient being deeply jaundiced, coming to this 
countrv, w'C explored her and found that a red rubber tube had taken the place of part of 
the common duct and laj in scar tissue verj close to the Iner After removal of this 
tube, the only portion of the duct that I w'as able to find, was an opening in the liver 
on the same plane as the liver, and the distal end of the common duct we were not able 
to identify 

Under these conditions, w'e attempted to repair bv the use of the transfixion, necrosing 
silk suture introduced through the duodenum, on the basis that w’hile w'e knew w'e would 
have bile leakage around the anastomosis, the approximation of the peritoneum of the 
liver and the duodenum wmuld agglutinate, to some degree, these tw’o organs, so that, as 
the necrosing suture cut through, the bile drainage could be reestablished through the 
hepatic duct into the duodenum Therefore, the duodenum w'as sutured posteriorallv to 
the hepatic duct on Glisson’s capsule and a necrosing suture w as put through the duodenal 
w'all, then the duodenum sutured anterior to the duct This patient drained bile four 
or five days, and then began to show^ bile in the intestinal tract and has had normal bile 
drainage since It is too short a period to say how permanent this new' anastomosis will 
be, and how little fraught wnth danger it ma> be, but at any rate, here the principle was 
used, to our great satisfaction, in creating a new' stoma, the size of w'hich could be con- 
trolled fairly accuratelv bj the necrosing suture in the duodenum 

It seems to me that it is in these cases that the method is useful, and it appeals to 
me because it allows the surgeon to predicate, fairly accurately, the size of the anastomosis 
as well as to greatly simplify the technic where the going is difficult 
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I’lm \t)i I I’lij 1, 

moM Tllf SI ll( 1( M slUM(f-sOI Till I1N\S1I\\M\ \M> IIIII N M II IIOSI IT \I.S IIIIIMUnillV I\ 

Tnn inMOR\ of the singRal tieatmenl of cancel of the colon paiallels 
the hislor) of suigical piogiess in ovei coming the hazaids of infection The 
general piinciples loi the tiealment of inahgnanc) anywheie apply in cancel 
of the colon The piiinan tumor must be widel} excised in one block with 
the tiibutai} lymphatic channels and nodes hut in cancel of the colon this 
surgical pioceduie must be earned out upon an oigan the lumen of which is 
teeming with bacteiia Peiitonitis was, and still is one of the chief causes of 
inoitaliU following opeiation Thecaih opeiations upon cancel of the colon 
were peifoimed in the cia of antiseptic suigeiy and the mortaht} was vei}'^ 
high In other fields of suigen the hazaids of infection declined with the de- 
\elopment of asepsis, hut in opeiations upon the colon it has been fai moie 
difficult to sohe the jiiohlem of avoiding contamination of the peiitoneal cavity, 
and of the wound in the abdominal wall DeBoMs,’ in 1900, and moie lecently 
Rankin*’* and Cope’ haie published excellent histones of the eaily suigical 
pioceduies employed in caicinoma of the colon We shall onl} mention a few' 
points of interest in the moie lecent de\elopments 

At an eail) date surgeons began to concern themsehes with developing 
methods for removing the malignant lesion and at the same time avoiding 
fatal infections Thomas Biyant,* m 1882, w'as the hist suigeon to leport 
the successful lemoval of a caicinoma of the colon by pulling the growth 
outside the abdominal w'all and suturing the limbs of the bow'el to the 
abdominal incision, thus avoiding contamination of the peiitoneal cavity 
Baiton,- of Philadelphia, in 1888, also lepoited the successful lemoval of a 
caicinoma of the colon b}' an exti a-abdominal lesection The grow'th which 
W'as at the ileocecal valve w'as withdiaw'n fiom the abdomen, cut off, and an 
enteiotome was immediately applied to ciush the spui between the ileum and 
the ascending colon The abdominal w'ound was closed around the limbs 
of the bow'el w'hich w'as hi ought out of the abdomen Bloch,"* of Copenhagen, 
also repoited a successful lesult by this method m 1892 Paul,-** in 1895, 
published his classic aiticle desciibmg his expeiience w'lth seven patients, 
W'hich, he said “ repiesents the education of an individual suigeon” 
His technic changed fiom one of immediate anastomosis to the safei procedure 
of freeing the grow'th sufficiently to draw it outside the abdomen The 
descending and ascending limbs of the bowel attached to the tumoi were 
sutuied togethei, the giow'th and the adjacent portions of the bowel were cut 

* Read before the American Surgical Association, White Sulphur Springs, W Va”, 
April 28-30, 1941 
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off, and glass tubes tied into the piojecting limbs of the colon (Fig i) The 
spur was later ciushed with a Dupuytien’s clamp, and still later the colostomy 
was closed by a plastic procedure, without entering the peritoneal cavity A 
somewhat similar proceduie was adopted by Mikulicz-^ However, he did 
not suture together the limbs of the bowel protruding from the abdomen In 



Fig 1 — Reproduction of the illustration from Paul, sho^^ 
mg the technic used (Lnerpool Med Chir Jour , 1895 ) 


1903, he-^ lepoited 24 operations by this method, with four deaths This 
mortaht}'- of 17 per cent contrasts very favorably with the 30 to 50 pei cent 
mortality associated with immediate anastomosis of the bowel at that time 
The piinciple of exteriorization was then adopted generally by American 
surgeons, who continued to practice it, undei the name of the “Mikulicz 
procedure” for the next 20 yeais Both Mikulicz, m 1903, and Paul,'*® in his 
later and final aiticle in 1912, lefeired to the importance of lemovmg an 
adequate portion of the mesentery adjacent to the growth Paul, and 
Mikulicz at the time of his leport, practiced immediate removal of the growth 
at the time of operation Howevei, these two procedures, the immediate 
lemoval of the growth and the excision of the lymphatics and adjacent 
mesentery, were generally neglected by American surgeons In one large 
series®^ of cases tbe incidence of recurrence of caicmoma in the wound was 
as high as 12 pei cent The mortality of the procedure, while lower than 
that of immediate anastomosis, was still far fiom satisfactorj'^ Miller,-'* in 
1923, reported a series of 70 patients with carcinoma of the colon, treated 
in the Johns Hopkins Hospital from 1889 to 1919, operated upon by either 
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tlie exteiioiizalion oi open anastomosis methods The mortality of the series 
''Jis 35 per cent Noiclmann,-” m 1926, repoited an approximately equal 
moitahty \Mth lesection and immediate anastomosis and the exteriorization 
methods T\\o hundied and eighty-eight cases weie opeiated upon by the 
hist method uith a 29 pei cent moitahty, while 144 patients were operated 
upon by the extcnonzation technic with a 28 pei cent moitahty 

Dm mg the next decade, theie was a gi owing dissatisfaction with this 
method Sistiiink,"’ in 1928, pointed out the limitations of the pioceduie 
In 1930, Rankin’^ leturned to old pimciples m the exteiioiization opeiation 
by advocating immediate lemoval of the tumoi and Mide excision of the 
mesenter} Clamps weie left on the piotiudmg ends of the bowel foi a few 
da}s The gi owing dislike of the dela3'ed extia-abdommal anastomosis w'as 
again expressed b} Cheevei,'’’ in 1931 when he advised immediate anas- 
tomosis aftei resection of the bow'cl He repoited an opei ability of 55 
cent in patients opeiated upon at the Petei Bent Brigham Hospital since 
1913, with the lelatneh low ojieiative moitahty of 18 pei cent In the 
decade between 1930 and 1940 Lahey,^" and Rankin'^'* aie the outstanding 
ad^ocates of extia-abdommal lesection and delayed anastomosis of the colon 
The foimer^^’ e\en applies the proceduie to giowths in the light half of the 
colon, wdiile Rankin*' piefeis a piimaiy anastomosis of the ileum and colon 
by an aseptic method Both these authoi s have had a low^ opei ative mortality 
with the exteiioiization opeiation 

Othei suigeons ha\e not been so successful Joll,^^ m 1938. expressed 
some very decided objections to the exteiioiization opeiation, and states his 
piefeience foi immediate anastomosis Finsteiei,® in 1939, shaied these 
view^s He emplo}cd immediate anastomosis wdienever possible and re- 
ported an opei ability of 80 pei cent wnth an opei ative moitahty of 17 pei cent 
Mayo and Simpson,-^ in the same year, lepoited 95 cases of exterioiization 
m carcinoma of the tiansveise colon, with an operative moitahty of 20 pei 
cent, and contiasted this wnth lesection and pi unary anastomosis in 36 cases 
w ith an 1 1 per cent moi tahty 

When the oldei cases are included m leported seiies, the operative 
mortality remains high Gunnel,’- in 1939, repoited a 27 per cent mortality 
m patients wnth caicinoma of the colon from 1916 to 1932 Ransom,^® from 
Ann Arbor, 111 the same yeai, repoited an opei ative mortality of 30 per 
cent in cases of carcinoma of the right side of the colon from 1925 to 1937 
In the more recent senes the mortality is lower Naffziger and Bell,^® in 
1940, reported an ii pei cent mortality from 1930 to 1940 These last thiee 
lepoits included cases of open anastomosis as well as exteriorization pro- 
cedures Finally, Patterson and Webb,^® m 1940, reported 70 resections of 
the laige bowel for carcinoma, all by the exterioiization method There were 
19 deaths in 70 cases The authors excluded seven of these deaths for 
various reasons If these seven deaths are included, the operative mortality 
in their series is 27 per cent Thus, it appears that the exteriorization 
procedure in the hands of the general surgeon still carries a high mortality 
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Owing to the discomfoit and the prolonged convalescence of the exterior- 
ization method, other means of avoiding the evei constant dangei of infection 
have been sought Keii^® has recently reviewed the various methods which 
have been pioposed foi anastomosing the bowel without opening its lumen 
Prioi to 1908, some 25 of 200 methods of intestinal anastomosis were 
designed to accomplish an aseptic anastomosis Since 1908, 21 additional 

Tig 2 Tig 3 Tig 4 
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Tigs 2 to 6, inclusive — Reproductions from Kerr showing the \nrious steps in the iscptic end to end 
nn istomosis hj the bisting stitch method (JAMA, 1923) 

methods have been pioposed All of them are vaiiations of the fundamental 
pi ocedure of temporal ily closing the cut ends of the bowel by clamiDS, sutures, 
or ligatures, uniting the bowel by sutuie ovei the temporal y occluding 
device, and then withdrawing the clamp 01 sutuie Onlj^ a few of the many 
devices oi methods will be discussed heie, i c , those which have pioved their 
woith m clinical piactice 

Schoemakei in 1921, was the fiist to leport the extensive use of an 
aseptic method of anastomosis of the laige bowel 111 patients He divided 
the sei ous and musculai coats of the bowel and then applied fine clamps to the 
mucosa He cut between the clamps with a cautei y and made his anastomosis 
with mteiiupted sutures, finall)^ -withdrawing the clamps He says of the 
pioceduie “Duiing the whole opeiation, the lumen of the colon has not been 
opened, and -we have not seen 01 touched the inner side of the mucosa ” He 
perfoimed this opeiation 40 times for cancel of the colon, -with three deaths, 
an operative moitahty of 8 per cent Piobably due to the stimulus of 
these excellent lesults, the decade of 1920 to 1930 was characterized by an 
inci easing interest in the aseptic method of immediate anastomosis In 
1923, KerH'* gave an excellent description of the clinical use of the basting- 
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stitch method (Figs 2 to 6, inclusive) which he and Paiker-^ had described 
15 yeais befoie In 1924, Pi ingle” modified Schoemakei’s method of anas- 
tomosis ovei clamps. h\' omitting the dnision of the sei oimisculai coats of 
the bowel Following these desciiptions of vaiious aseptic technics, 11101 e 
suigcons began to ajiply the method chniccilly 111 caicinoma of the colon 
Gibbon,^' in 1932, icpoited 15 cases of cancel of the colon resected by the 
Ken basting- stitch method, wntli thiee deaths, a 11101 tahty of 20 per cent 

Dining the past seven yeais, a nunibei of lepoits have appealed contrast- 
ing the use of the aseptic method with exteiioii7ation and open anastomosis 
All of these statistical studies show a low'ei mortality wnth the aseptic technic 
Wilkie,’*' 111 1934, lepoitcd a senes of cases some of wdiich \vere done by the 
extenoi i/ation method and some by an aseptic technic over clamps The 
11101 taht} was lowei with the lattei piocedme In 1937, MacFee-" leported 
a large senes of cases fioni St Luke’s and the New^ Yoik Hospitals, the 
foinier since 1922. and the lattei since 1929 He show'ed a definitely lower 
11101 tahty with the aseptic techinc In 1939, Stone and McLanahan"'^ leported 
a laige senes of cases opeiated upon by both the aseptic and open methods 
of anastomosis Theie was a considei ably low^er 11101 tahty wdien the aseptic 
method w'as employed In the same yeai, Allen*^ discussed a large series of 
cases of caicinoma of the colon occinrmg at the Massachusetts Geneial 
Hospital The opei ability w'as 58 pei cent, and the operative mortality 24 
per cent He expiessed a stiong piefeience foi the aseptic Paikei-Kerr 
anastomosis pieceded by colostomy 01 cecostoniy, and in the sigmoid colon, 
he reported an opeiative 11101 tahty of 14 per cent by aseptic methods and 23 
and 21 per cent b) the open and extenonzation methods, lespectively In 
1939, Wilkie’*^ contiasted the extenonzation and aseptic technics in a larger 
series of his own patients and again found a low^er 11101 tahty with the latter 
pi ocedui e 

Aside fioni contamination occunuig at the tune of operation which 
the aseptic methods attempt to avoid, theie is always the danger of late 
peritonitis five 01 ten days aftei the opeiation fioni necrosis 01 leakage at the 
sutuie line This dangei is peihaps easily as great as that of immediate 
contamination dunng the operation, and has been responsible for the con- 
tinuation of the use of extenonzation in the presence of adequate aseptic 
methods of anastomosis Because of this constantly lecurnng danger, lateral 
anastomosis w'as eaily proposed as a safei piocedure than end-to-end union 
of the laige bow^el, m the belief that theie would be fewei instances of leakage 
fiom the sutuie line The anastomosis is made along the antimesentenc 
bolder of the bow^el without inteirupting the blood supply to the wall of the 
colon With the end-to-end anastomosis however, if the bowel is divided at 
right angles to its long axis, theie is danger of necrosis along the antimesen- 
tenc poition of the sutuie line because of the vertical direction of the small 
terminal aiteries supplying the wall of the intestine These arteries may be 
ciushed by the clamp or included in a ligature, thus interfering with the 
blood supply of the antimesentenc border of the bowel 
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111 1917, Lockhart-Mummei}?^® published a classic report on the advan- 
tage o£ end-to-end, as opposed to side-to-side, anastomosis He pointed out 
the dangeis of leakage fiom bowel contents being driven by peiistaltic action 
against closed ends of the bowel with the lateial anastomosis He believed 
that the failures with end-to-end anastomosis in the past were due to improper 
attention to the terminal blood vessels of the colon which pass around the 
bowel wall at right angles to its long axis He, consequently, advised cutting 
the bowel at an angle, so that a greater portion of the antimesentenc border 
was lemoved, thus msuiing an adequate blood supply to the cut margins of 
the bowel Kerr^'^ in 1923, again urged the advantages of end-to-end anas- 
tomosis Meillere,““ m 1927, published an excellent account of the blood 
supply of the wall of the colon, and its surgical applications He injected 
the vessels supplying the normal colon and studied the relation of the teiminal 
arteries to the appendices epiploicae The injections weie then repeated after 
vaiious ligations of the aiteries He confiimed Lockhait-Mummeiy’s opinion 
that it was best to divide the colon obliquely, removing moie of the anti- 
mesenteric than of the mesenteric bordei of the bowel, thus insuring an 
adequate blood supply to the cut ends of the bowel He believed that it was 
safe to lemove the fat for a short distance from the cut ends of the colon 
before suturing, but lecommended exeicising great care in removing the 
appendices epiploicae, as the stiaight terminal arteries supplying the wall of 
the colon run in the base of these appendices Stewart and Rankin,^^ in 
1933, also published an excellent study of the blood supply to the walls of 
the colon A coirect appreciation of the blood supply to the colon should 
obviate the danger of necrosis at the sutuie line m end-to-end anastomosis 
It has not been boine out in reported senes of cases, that the mortality 
of the side-to-side anastomosis is lowei Miller, in 1923, reviewing cases 
of carcinoma of the colon at Johns Hopkins Hospital, found a higher mortality 
with lateral, as opposed to end-to-end anastomosis Raiford,^- in 1933, 
advised lateial anastomosis m resection of the transverse colon However, 
two years later, in reviewing a laige senes of cases of cancer of the colon, 
he®^ found the operative mortality almost thiee times higher with lateral 
anastomosis as compared with end-to-end union 

The recent wide adoption of chemotheiapy for the control and treatment 
of infection will undoubtedly lowei the moitahty of resection of the colon 
for cancer Gailock and Seley^® weie the fiist to lepoit the use of sulfanil- 
amide in resections of the colon In a series of cases, they made cultuies 
from the serous surface of the colon, from the muscular walls and from the 
surface of malignant growths They found the predominating organism to 
be the hemolytic streptococcus On the basis of this study, they administered 
sulfanilamide 01 ally prioi to and following opeiations on the colon In this 
group of patients, at the time of operation, the same type of cultures were 
lepeated and hemolytic streptococci were found to be absent in all instances 
They reported nine resections of the colon for carcinoma, with one death 
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This ^\as not due to pcntonitis In the follo^\lng yeai, Lockwood 

and Ra^dnd’' ie])oited using sulfanilamide pieceding and following ii resec- 
tions ol the colon foi caicinoma Theie was one death from coionaiy throm- 
bosis Fiioi/' m Decemhci, 1940, was the fiist to repoit on the use of 
sulfamhlguanidine m colonic suigeiy The drug was administered foi about 
one \\eek pieceding opeiation in a senes of patients which included some 
Aei\ difticult icsect Kills and anastomoses of the laige bowel There were no 
fatalities and no instances of pei itonitis, m spite of gross contamination and 
soiling 111 a minihci of cases 

The ])icscnt repoit is based uiion a senes of 120 patients with carcinoma 
of the colon pioximal to the icctosigmoid It compiises all patients with 
caicinoma of the colon admitted to the Pennsylvania and the Bryn Mawr 
]-Ios])itals fioiii 1928 to 1941 Nine of these patients refused opeiation, or 
died shoitlv aftci admission without being opeiated upon In 52 patients, 
the growth was found to he inopeiable but 59 of the lemaming iii patients 
underwent ladical icsection of (he colon, an operability of 53 pei cent There 
weie 15 deaths in the hospital following opeiation, an opeiative moitahty 
of 25 per cent The opeiations wete pei formed by 20 diffeient surgeons 
(Table I) Fne surgeons opeiated upon 80 of the patients, the remaining 
31 patients weic opeiated upon b} 15 surgeons As can be seen in Table I, 
the more expeiienced suigeons had opei ability lates varying betw'een 50 to 
83 pel cent The othei 15 suigeons had the very low operability rate of 
29 pel cent The opeiative moitahty of the five expeiienced surgeons varied 
between /cio and 37 per cent, the higher mortalities being associated, in 
general, with liighei rates of opei ability 


Taolt- I 


RrCORD or INDIVIDUAL SURCrONS 


Surceon 

Number 
of Patients 
Operated Upon 

Number of 
Patients from 
W'hom Tumor 
W'as Removed 

operability 
Per Cent 

Deaths m 
Hospital 
W^here Tumor 
W'^as Removed 

Hospital 
Mortality 
Where Tumor 
Was Removed 
Per Cent 

A 

22 

15 

68 

S 

33 

B 

20 

10 

SO 

2 

20 

C 

14 

7 

SO 

0 

0 

D 

12 

TO 

83 

3 

30 

E 

12 

8 

67 

3 

37 

IS surgeons 

31 

9 

29 

2 

22 

Totals 20 surgeons iii 

59 

S3 

IS 

25 


When the lesections aie giouped accoidmg to the type of operation per- 
foimed. It can be seen that the aseptic anastomosis has the low^est operative 
mortality, 13 per cent (Table II) The aseptic anastomoses were performed 
by the Kerr basting-stitch method in all these patients Exteriorization is 
next in Older wnth 29 pei cent, wheieas the open anastomoses had an opera- 
tive moitahty of 38 pei cent Conveisely, the numbei of patients alive and 
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without evidence of metastasis is higher in the group with aseptic anas- 
tomosis, and smallest m the group with the open anastomosis 

All five of the moie expeiienced surgeons employed more than one type 
of opeiation upon then patients The results obtained by these five surgeons 
can be seen in Table III The opeiative moitahty again was lowest with 


Tabu II 

C\SCS IN WHICH TUMOR WAS RLMOV LD 



Deaths 

m Hospital 

Livins Without Metistasis 

Type of Operation Number of 





Patients 

Number 

Per Cent 

Number 

Per Cent 

Aseptic anastomosis 24 

3 

13 

9 

38 

Eitenorization 14 

4 

20 

4 

29 

Open anastomosis 21 

8 

38 

4 

19 

Totals SO 

15 

2 S 

17 

29 


Table III 



MORTAim WITH DirrCRENT TLCHMCS OP “SURGrONS 

\ B C I) \ND 

r 


Aseptic 


open 



Anastomosis 

E\tcnorization 

Anastomosis 


Patients 

20 

II 

19 


Deaths in hospital 

3 

3 

7 


Mortality per cent 

15 

27 

37 


the aseptic anastomosis, 15 per cent, 

next with exteriorization. 

, 27 per cent, 


and very high with open anastomosis, 37 per cent The wound complications 
(Table IV) weie moie fiequent with open anastomosis than with the other 

Table IV 

WOUVD COMPLICATIONS 

Abscess 

Type of Wound or Local General Evisceration No 

Operation Infections Pentomtis Peritonitis Complication 



No 

Per Cent 

No 

Per Cent 

No 

Per Cent 

No 

Per Cent 

No 

Per Cent 

Aseptic anastomosis 

5 

21 % 

2 

8% 

2 

8% 

I 

4% 

14 

S8% 

Exteriorization 

2 

14 % 

0 

0% 

3 

21 % 

0 

0% 

9 

64 % 

Open anastomosis 

s 

24 % 

4 

19 % 

3 

14% 

0 

0% 

9 

43% 

two types, in 

which the 

incidence was approximately 

the same 

General 


peritonitis occuiied moie frequently following the open anastomosis and 
extei lonzation than it did with the aseptic methods 

In Table V, the type of operation peifoimed in diffeient legions of the 
colon is shown In the light colon, ten lesections were performed by the 
aseptic technic with no deaths, while with the open anastomosis there weie 
three deaths m ten cases There weie only two lesections of the transveise 
colon, and both were without mortality There was little difference m the 
mortality of the three methods m the splenic flexure and descending colon 
In the sigmoid colon, there was little difference between the aseptic and 
exterioi ization methods, wheieas the operative mortality with open anas- 
tomosis was 80 per cent 

The question as to whether cecostomy or colostomy should be employed 
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Table V 

T\pi or operation 

Locution Aseptic Extcnonzition Open Totals 

of Amstomosis Amstomosis 

Lesion Cases Dcuths Mort Cases Deaths Mort Cases Deaths Mort Cases Deaths Mort 

Per Cent Per Cent Per Cent Per Cent 


Cecum, Ascend- 
ing colon, hepa- 

10 

0 

0 % 

I 

0 

0% 

10 

3 

30 % 

21 

3 

14 % 

tic flexure 
TransAerse colon 

I 

0 

0% 

0 

0 

0% 

I 

0 

0 % 

2 

0 

0 % 

Splenic flexure 
and descending 

4 

I 

25% 

3 

I 

33% 

s 

T 

20 % 

12 

3 

25 % 

colon 

Sigmoid colon 

9 


22% 

10 

3 

30 % 

5 

4 

80 % 

24 

9 

38 % 


preceding a dnect attack on the tuinoi has been discussed for many years 
It IS geneiall} agieed, at present, that if any degiee of obsti action exists, a 
pieliminaiy decompiession should be undei taken It is also agreed that a 
certain nuinbei ot cases do not lequiie such a pieliminary opeiation How- 
ever, it is piobably al\\a 3 's safei, even in the patients without obstruction, to 
perfoim a cecostoiny at the time ot opeiation, when a piimaiy anastomosis 
of the left colon is pei foi med Table VI contiasts the moitality m the 
cases without decompiession, with the moUalit}’- in cases in wdnch the bowel 
w^as decompressed, eithei pieviously, oi at the time that the tumoi w^as 
remoAed With the aseptic technic theie w^as no diffeience in the opeiative 
moitality, although twice as many cases w'eie perfoimed wnthout any decom- 
pression With exteiioiization and open anastomosis, the moitality w^as 
much highei m the cases without decompiession of the bow^el 


Table VI 

CreOSTOMA and colostoma 


Decompression of the Bowel No Decompression of the Bowel 


Type 

of 

Operation 

Before 

Number 

of 

Patients 

or at Time of Operation 

Deaths Operative 

in Mortality 

Hospital Per Cent 

Number 

of 

Patients 

Deaths 

in 

Hospital 

Operative 
Mortality 
Per Cent 

Aseptic anastomosis 

8 

I 

13 % 

16 

2 

13 % 

Extenonzation 

9 

2 

22% 

5 

2 

40 % 

Open anastomosis 

12 

3 

2S% 

9 

5 

S6% 

Totals 

29 

6 

21% 

30 

9 

30 % 

Appended 

are brief 

histoi les 

of the 1 5 

patients 

wdio died 

following 


opei ation 


abbreviated case reports 

Case I — Female, age 50, with carcinoma of descending colon August i, 1928, 
resection, with open end-to-end anastomosis Had febrile postopeiative course Numerous 
stools per rectum on third, fourth, and fifth postoperative days On sixth postoperative 
day, pain in upper left quadrant of abdomen accompanied by tenderness and generalized 
abdominal distention Pulse rate and temperature both rose Signs of circulatory collapse 
developed seven hours later, and patient died eight hours aftei onset of pain, presumably 
from peritonitis and gross leakage at the suture line No postmortem 
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Case 2 — Hale, age 35, with carcinoma of the sigmoid September 19, 1928, the 
giowth m the sigmoid, together with the left half of the colon was resected, and an open 
anastomosis was performed between the midsigmoid and the midtransverse colons The 
liroximal bowel was distended No cccostomy was made The temperature was elevated 
from the first postoperative daj He died six days after operation with signs and 
sj mptoms of peritonitis No postmortem 

Case 3 — Male, age 75, with carcinoma of the sigmoid October 22, 1928, entire left 
colon resected because of involvement of the transverse colon in the malignance Open 
anastomosis performed betw’cen the transverse and sigmoid colons, wuth some contamina- 
tion A colostomy w'lth mushroom catheter was made just jiroximal to the site of the 
anastomosis The patient developed pyelonephritis and uremia He had to be catheter- 
ized throughout the postoperative course Death occurred on the fourteenth postoperative 
day, presumably from renal failure There was no evidence of peritonitis at any time 
No postmortem 

Case 4 — Male, age 61, with carcinoma of the sigmoid November 16, 1928, sigmoid 
resected and cnd-to-cnd aseptic anastomosis made bv Kerr basting-stitch method Tw'o 
continuous sutures of catgut were used to make the auastoiwosis There was no obstruc- 
tion, and no cecostoiny was performed There w’cre no bowel movements followmig 
operation On the sixth postoperatnc dav, there was evidence of peritonitis The patient 
w'as operated upon , generalized peritonitis found , and the abdomen drained The patient 
died on the seventh postoperative day 

Case 5 — Male, age 58, w’lth carcinoma of the sigmoid November 5, 1930, the 
sigmoid was resected, and an open anastomosis performed Death occurred twm days 
later with signs and s> mptoms of generalized peritonitis No postmortem 

Case 6 — Female, age 55, with carcinoma of the descending colon November 13, 

1930, a loop-colostomj of the transverse colon was made because of obstruction No spur 
was formed The colostomy was not opened for ii davs Two months later, an open 
side-to-side ileosigmoidostomv was performed Two months later still, the descending 
colon, with the grow'th was removed and the ends of the colon inverted Death occurred 
one month later Postmortem examination revealed that the blind end of the colon at 
the splenic flexure had opened There was a sinus tract extending down to the left lower 
quadrant of the abdomen, wnth extensive ramifications m the abdominal wall 

Case 7 — Female, age 66, with carcinoma of the descending colon September 8, 

1931, the first stage of an exteriorization operation w'as performed The grow’th w'as 
withdrawn from the abdomen and the limbs of the colon w'ere sutured together and to 
the parietal peritoneum Three days later the bowel containing the growth was removed 
Death occurred on the same day with signs and symptoms of peritonitis There had 
been a gradually increasing temperature and pulse rate and marked distention since initial 
operation No postmortem 

Case 8 — Female, age 80, with carcinoma of the descending colon April 26, I933i 
cecostomy was performed because of an obstruction Twenty-two days later the descend- 
ing colon with the growth w'as resected by the Kerr basting-stitch method Some con- 
tamination occurred w'hen the ends of the colon were inverted by the basting-stitch 
Death occurred four days later with signs and symptoms of peritonitis No postmortem 

Case 9 — Female, age 53, wnth carcinoma of the ascending colon August 22, 1934, 
the right half of the colon was resected and an open side-to-side anastomosis made 
between the ileum and the transverse colon The patient died on the seventh postoperative 
day, with signs and symptoms of generalized peritonitis No postmortem 

Case 10 — Male, age 79, with earemoma of the sigmoid jMay 29, 1935, the growtii 
was exteiionzed The patient died thiee days latei, with signs and symptoms of general- 
ized peritonitis No postmortem 

Case II — Male, age 63, wnth caicinoma of the sigmoid December 18, 1935, the 
growth was resected and a primary anastomosis performed by the Kerr basting-stitch 
method Cecostomy was performed at the time of oneration The patient had no bowel 
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niovenients by rtctuni for li clays following the operation Aftei this he had normal 
stools Twent^-one days atter operation the patient died, with signs and symptoms of 
bronchopneumonia, probablj secondary to congestive failure, as there were rales through- 
out his lungs for ten days before death No postmortem 

Case 12 — Female, age 54, with caicinoma of the hepatic flevure September 26, 
1936, an open sidc-to-side ileosigmoidostomy was performed because of obstruction 
Twenty-four dajs later the right colon w'as resected, and the blind ends of the transverse 
colon and the terminal ileum inverted Fnc dajs after operation the patient died, with 
signs and symptoms of general peritonitis At autops}', the peritonitis w'as found to be 
clue to leakage from the end of the blind stump of the transverse colon 

Case 13 — Male, age 69, w'lth carcinoma of the sigmoid and partial obstruction for 
eight cla\s Julj 7, 1939, the growth was w'lthclrawn from the abdomen through a right 
lower rectus sheath incision The limbs of the bow'el w'ere sutured together and to the 
parietal peritoneum The mesentery w'as not excised Three days after operation, the 
proximal loop of the colon was opened and a catheter inserted Death occurred the 
follow’ing da\, four days after operation, follow'ing a gradual rise in temperature and 
pulse rate Death was probably due to peiitonitis, tbe infection originating from the 
sutures introduced into tbe distended proximal loop ot bowel No postmortem 

Case 14 — klale, age 53, wuth carcinoma of the sigmoid November 29, 1937, the 
grow'th was extenori7ecl He developed a wound infection and died on the twelfth post- 
operative dav 

Case 15 — IMale, age 69, with carcinoma of the ascending colon May 4, 1939, the 
right half of the colon was resected and an open anastomosis made between the terminal 
ileum and the transverse colon There was some contamination of the operative field 
The patient developed a wound infection and a localized peritonitis, and later a fistula of 
the ileum He ran a progressive downhill course and died ten weeks after operation 
No postmortem 

In anal5'zmg these deaths, it is appaient that the moitahty is chiefly due 
to infection Of the 15 deaths in this senes, ten were due to generalized 
peritonitis, three to wound infections and localized peiitonitis, and tw'^o to 
causes probably unrelated to the opeiation Of the ten deaths from peri- 
tonitis, five followed resection with open anastomosis of the colon Two of 
these were of the right side of the colon and thiee of the left Generalized 
peritonitis occuiied following the fiist stage of an exteriorization piocedure 
in three patients Two of the growths were in the sigmoid and one in the 
descending colon Finally, tw'o of the ten deaths due to peritonitis followed 
an aseptic anastomosis In one case, a cecostomy to protect the suture line 
was not performed , in the other case, contamination occurred during the 
operation from an error in the aseptic technic There were three deaths from 
wound infection and localized peritonitis All thiee lesions w^ere in the left 
half of the colon, two following open anastomosis of the bowel and one 
following the first stage of an extei lorization procedure 

Four reports have appeared contrasting the operative moitahty of aseptic 
anastomosis with the mortality of exterioi ization 01 open anastomosis These 
four reports have been summarized in Table VII Two hundred and forty- 
six aseptic resections of the colon were performed with an operative mortality 
of 14 per cent One hundred and twenty-four exteriorization operations 
were performed, with a mortality of 27 pei cent Seventy-two open anas- 
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lABLr VII 

OPI KATI\ L MORTAHT\ IN Rl SPCTION OP THE COLON I OR CARCINOMA BY AUTHORS USING DirrERENT METHODS 


Author 

Number of 
Patients 

Deaths in 
Hospital 

Operative 
Mortality 
Per Cent 

Type of 
Operation 

Mncree 

SO 

9 

16% 


Wilkie 

9 S 

IS 

16% 

Aseptic anastomosis 

Stone md McLnmhan 

71 

8 

11% 


Gibbon and Hodge 

24 

3 

13% 


Tot^s 

246 

3 S 

14% 


MacFee 

68 

19 

28% 


Wilkie 

42 

9 

2 t% 

Eatenonzation 

Gibbon and Hodge 

14 

S 

36% 


Totals 

124 

33 

27% 


MacFee 

32 

6 

19% 


Stone and McLanahan 

19 

S 

26% 

Open anastomosis 

Gibbon and Hodge 

21 

8 

38% 


Totals 

72 

20 

28% 



tomoses wei e perfoi meci, with a mortality of 28 pei cent Thus, in this group 
of patients the opeiative inortaht}’’ with exteriorization or open anastomosis 
IS approximately double the moitality associated with aseptic anastomosis 

The surgical therapy of tumois of the colon, pioximal to the rectum and 
rectosigmoid, involves lesection of the bowel with the contained tumor and 
the reestablishment of the continuity of the gastio-intestinal tract This 
surgical pioceduie is fi aught with great danger of infection because the lumen 
of the colon contains moie viiulent bacteiia than aie found in any other 
portions of the body The chief problem m the surgical therapy of cancer of 
the colon is now, and always has been, the avoidance of peritonitis The 
means of avoiding such infection may be biiefly summaiized undei four heads 

(1) No type of major opeiative proceduie to lemove the growth should 
be performed 111 the presence of any degree of obstruction of the colon The 
obstruction should always be relieved first by drainage of the colon through 
a cecostomy'*^ 01 colostomy When the lattei procedure is employed, it 
should always be performed at a considerable distance pi oximal to the growth, 
7 ( 7 , in the right half of the tiansveise colon, in older not to interfere with 
subsequent operative manipulations involved in tbe removal of the tumor In 
obstruction of tbe right half of the colon, which cannot be relieved by non- 
operative means, the fecal curient should be diverted by an ileotransverse 
colostomy 

(2) Contamination of the peiitoneum and of the abdominal MOund should 
be avoided at tbe time of the operative attack on the tumor This can be 
done either by extei lonzation of the growth with its removal after closing 
the abdominal incision, 01 by performing the anastomosis by some form of 
aseptic technic, in which the lumen of the colon is not opened or entered 
dining the peiformance of the anastomosis It is more difficult, and time- 
consuming, to avoid contamination in an open anastomosis than when an 
aseptic method is used 
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(3) Late peritonitis is almost always the result of leakage from the 
suture line, or neciosis of the bowel wall wheie primary anastomosis has 
been performed Such a catastrophe is often due to interference with the 
blood supply to the wall of the colon at the site of the anastomosis, and can 
be prevented by pioper knoi\ ledge and technic In addition, the peiformance 
of a cecostomy at the time of the primary anastomosis where the giowth 
involves the left half of the colon will help to avoid distention of the bowel 
above the anastomosis,^' which is a factoi m producing leakage and peii- 
tonitis The late peritonitis which follows extei lonzation piocedmes is prob- 
ably due either to infection ansing fiom sutuies entering the bowel lumen 
when the spur is foimed, oi to neciosis of the bowel as it passes through 
the abdominal wall from inteiference with its blood supply Both these 
complications can be avoided by suitable technic 

(4) The sulfonamides are of undoubted value m colonic surgery Sul- 
fanilamide should be used orally and locally at the time of opeiation, until 
other compounds have been shown to be superior m conti oiling accidental 
contamination 


SUMMARY 

One hundred and twenty cases of caicmoma of the colon, proximal to 
the rectosigmoid, have been leviewed These cases comprise all the patients 
admitted to the Pennsylvania and the Biyn Mawi Hospitals for this condi- 
tion fiom 1928 to 1941 One hundred and eleven of these patients were 
operated upon, and in 59 the tumoi was lemoved, an opei ability rate of 53 
per cent The gross mortality of the whole senes of patients in which the 
tumor was removed was 25 pei cent 

The purpose of this study is to deteimine the opeiative moitality of the 
three mam types of opei ative procedures Aseptic immediate anastomosis , 
extra-abdominal resection, with delaj^ed anastomosis, and immediate anas- 
tomosis of the opened bowel Twenty-four patients were operated upon by 
the aseptic technic, thiee of these died in the hospital, giving an opeiative 
mortality of 13 pei cent Fouiteen patients weie operated upon by exteri- 
orization methods, with four deaths m the hospital, an opeiative mortality 
of 29 per cent In 21 patients, an open anastomosis of the bowel was per- 
formed, with eight deaths in the hospital, an operative moi tality of 38 per cent 

This series of cases is too small to have statistical significance However, 
when these statistics are combined with those leported by MacFee, Wilkie, 
and Stone and McLanahan, the combined peicentages aie probably of leal 
significance Two bundled and forty-six patients weie opeiated upon by the 
aseptic technic, with 35 deaths, an operative mortality of 14 pei cent One 
hundred and twenty-foui patients weie opeiated upon by extei lonzation 
methods, with 33 deaths, an operative mortality of 27 per cent Finally, 72 
patients underwent an open anastomosis of the colon Twenty of these patients 
died, an operative moi tality of 28 per cent 
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These combined statistics appear to indicate that in the hands of the gen- 
eral suigeon aseptic, immediate anastomosis is the operation to be piefeired 
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Discussion — William F ^ilAcFrc, MD (New York, N Y) The surgical 
removal of carcinoma of the colon, as Doctors Gibbon and Hodge have said, was seldom 
undertaken in the days of antiseptic surgery As a matter of fact, celiotomy was not 
often undertaken for anv purpose 

With the establishment of asepsis, abdominal surgery received a great impetus, and 
there were some who had the hardihood to attempt the removal of cancer of the colon 
Apparently, the number was few because, according to Rankin, only ten resections were 
on record in 1880, seven of these had failed, a mortality of 70 per cent Rankin states 
that the number of resections had increased to 48 by 1890, and the mortality had decreased 
to 45 per cent Heineke described an exteriorization operation in 1884, but it is probable 
that all of the resections reported, up to 1890, were done by the open method within the 
abdomen 

The operation for which Bloch, Paul, and Mikulicz share credit, brought about a 
substantial reduction in the operative mortality and the exteriorization procedure was 
widelj accepted, but like all other operations it was not without faults, and its universal 
application was soon questioned 

Reichel, in 1911, contended that the results of primary resection carried out under 
proper conditions compared favorably with the results of resection preceded by extenori- 
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zation, and offered statistical proof of his contention His criteria for primary resection 
were 

(1) That tile general condition of the patient must be such that a somewhat length}' 
operation is permitted 

(2) The intestine proximal to the tumor must not liarboi any considerable accumu- 
lation of fecal material 

(3) The intestine must be viable and free of circulator} disturbances 

(4) It must be possible to suture the ends of the intestine together without tension 

He also admonished care 111 placing the sutures, accuracy of approximation, and 

emphasized exactitude rather than speed of opeiation These rules are as sound to-day as 
when first formulated 

During the 30 years that have passed since Reichel proposed these criteria of safet} , 
the development of relative!} aseptic methods of anastomosis has further diminished the 
risks of end-to-end suture Doctors Gibbon and Hodge, and others, have shown that, 
with suitable precautions, aseptic, immediate anastomosis has a lower mortality rate than 
methods which are commonly presumed to be more conservative This appears to be 
true even when the operating is distributed among a considerable number of the Surgical 
Staff of a General Hospital It is also a matter of significance that the largest number 
of patients who were w'cll and free of recurrence in Doctors Gibbon and Hodge’s series 
was in the group with aseptic anastomosis 

Considerably less than one-half of the patients who present themselves to an hospital, 
with carcinoma of the colon, subsequently leave with any chance of surviving the disease 
Some are inoperable from the outset, some die following operation, some survive the 
operation but harbor metastatic tumors, which cannot be eradicated Since the inoperable 
cases and those having remote metastases cannot be permanentl} benefited, it becomes all 
the more important not to lose, through operative mortaht}, those who have a reasonable 
chance of cure The results of Doctors Gibbon and Hodge’s stud} of a representative 
series of cases appears to indicate that this objective will be promoted by the further 
development and more widespread use of aseptic anastomosis 

Dr William B Parsoxs (New York, NY) I am very glad that Doctor Gibbon 
has brought forward this very interesting paper and has emphasized some of the points 
ill safe large bowel surgery 

I would like to speak for just a moment on the question of the right colon and not so 
much about the left colon The niceness of the anastomosis, the mceness of the technic, 
and the prevention of immediate contamination is, of course, important Unquestionabl} , 
the big danger is subsequent leakage , the mam point 111 that is the question of decom- 
pression Both Doctors Gibbon and !MacFee spoke about the need of decompression 

At the next meeting of the American Medical Association, Doctor Leigh, of the 
Presbyterian Hospital, is going to report on the use of the Miller-Abbott tube Jn the 
past two years that has been a method of real importance in reducing the operative 
mortality There are several points about the employment of the tube that Dr Leigh 
will emphasize in his report, one of them being that it must be introduced prior to 
operation, and the tube must be in the small bow'el before the operation is begun Among 
other points, he will report that during the past two years, at the Presbyterian Hospital 
m New York, with a number of men oerforming the surgery, the mortality without the 
use of the tube was 22 per cent, but with its use it w'as 6 7 per cent 

Dr Richard B Cattell (Boston, Mass ) This has been a very interesting discus- 
sion to me, since from our experience at the Lahev Clinic we carry out resections of the 
colon b} means of the exteriorization principle, and since the paper of Doctors Gibbon 
and Hodge contrasts the two methods, it seems reasonable to present our experience m 
dealing with the exteriorization procedure 

Since 1929, but one case has had a primaiy lesection, with aseptic anastomosis The 
rest have all been operated upon in two stages, and 90 per cent of all resections by a 
modified Mikulicz plan During this time, approximately 275 patients have had resections 
by employing the exteriorization procedure, with a mortality of 13 per cent Of those 
followed over five vears, 53 6 per cent of those resected have had no evidence of recurrence 

The slide that Dr Gibbon showed of operabilitv is a thing that interests us most 
It was approximately 53 per cent m his group of cases We believe that the employment 
of the exteriorization principle will enable us to markedly raise the onerability m these 
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cases One a\i 11 not Acntuic to pcrfoun an intrapentoncal anastomosis with a dilated 
and distended bowel, because of the possibility of postoperatne infection from leakage 
from the suture line, and it is in these cases that the exterioiiration principle can be 
applied with leasonablc safetj, at least as borne out by our experience In otliei w'oids, 
we can ofiei relief to a laiger number of tbe unfavorable cases by the utilization of this 
method and fuithcimore, wc belie\c it is a safe method foi all resections of the colon 

Dk Hatwa 31 Ixi ivK. (Washington DC) After Doctoi Cattcll’s talk on exterioriza- 
tion, I might re\iew some cases that were rccenth gathered for another presentation, 
where onh resection was considered, with imnicdiate moitahtj, without compaimg the 
exteriorization operation, with lesection 

In a studj of all cases of intestinal resection pcrfoiniance at the Garfield Memorial 
Hospital in Washington, to determine the value of the aseptic technic over the open 
method, 107 operatne records weie rc\iewcd Sixt\ -eight resections had been performed 
b\ the open method and 39 bj the aseptic basting-stitch technic The list includes all 
resections done in that time, and of course contains many desperate cases of strangulation, 
intussusception, etc Gai field is not a closed hospital and is open to all the good surgeons 
of the citA Therefore the studi lecords the w’ork of many suigeons 

In the cases resected b\ the open method, there was an immediate mortahtj of 35 
per cent In the cases resected b> the bastmg-stitch technic, the immediate mortality was 
15 per cent 

In a re\ lew of my owmi pi n ate cases of intestinal resection, all done wuth the bastmg- 
stitch technic, I liace lecords of 40 cases, w'lth a hospital mortality of 125 per cent 
That, corrected for immediate niortaht\ b\ aiitopsi on two of the cases that died (one 
of uremia and anothei of pneumonia) would reduce the mortahtj to about 7 per cent 
The list includes nine cases of resection for Hirschspiuiig’s disease, with no deaths 

I do not think there is anv question that the profession has accepted the idea that 
direct end-to-end anastomosis is the most phcsiologic and the preferred operation for 
resection, and I do not doubt that the klillcr-Abbott tube, and possibly the sulfanilamide 
groups, will further 1 educe oui mortahtj 

Du Wcuriiin Iif Fiuou (Baltimoie) Rather than quote statistics, I think it may 
be pertinent if w'e ask ourselves a question What is the cause of death in those cases in 
which the IMikuhcz procedure is eniplojed^ It seems to be obvious that there are two 
mam causes First the spread of infection w'lien closure is attempted , and, second, the 
fact that the patient is hospitalized for a long period of time 

It IS conceivable that the advantages of the Mikulicz procedure maj' be utilized and 
also those of an end-to-ciid anastomosis, if some sulfonamide compound can be found 
w'hich can be used after the first stage of the Mikulicz procedure We have had six 
cases in wdiich sulfamh Iguanidiiie has been so employed , and in every instance wuth an 
intact mucuous membrane followung the removal of the grow^th, the bacterial count has 
fallen to an insignificant number We have felt justified, therefore, m performing an 
end-to-end anastomosis and replacing the intestine in the peritoneal cavity, thereby 
shortening the period that is required foi closing the bowel 111 the ordinary Mikulicz 
operation 

Du Lro Eiorssnu (San Francisco) There is a difference betw'een carcinomata of 
the lower bow'el, wuth obstructive symptoms and those wuthout It may be best to treat 
carcinomata wnth obstruction by resection and exteriorization of the afferent loop, and 
those without obstruction by resection and immediate anastomosis An invagination 
operation w'hich is a compromise betw'een Kerr’s aseptic anastomosis and an open opera- 
tion, IS simple and satisfactory both for immediate anastomosis and closure of a colostomy 
Resection is performed aseptically, between clamps The upper segment is closed by a 
fine catgut suture, its mesenterv is freed for about one inch or one inch and one-quarter 
back from the site of resection, the triangle formed by the twm leaves of the mesentery 
and the bow'el w'all is closed bj' a fine catgut suture The closed upper segment is then 
invagmated into the lower segment and the two are united by one or two layers of 
sutures through their serous and muscular coats The upper segment thus hangs into 
the lowei one like a cervix into the vaginal vault Recently, I have closed the upper 
segment by a fine catgut suture that approximated the two opposing mucous coats mstkd 
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of putting in a basting-stitch approximating the serosa This mucous stitch holds for a 
few dajs only, the basting-stitch through tlic serous coat has kept the bowel closed so 
long that I often feared it never would open Although the lower segment is opened 



niomentarilj while the upper one is mvagin- 
ated into it, contamination is minimal, for 
the upper segment is kept aseptically sealed 
throughout 

Dr John H Gibbon, Jr (Philadelphia, 
closing) In regard to a point which was 
raised bv Doctors Firor and Cattell, we have 
the conviction that it is a mistake to per- 
form anj operative procedure upon the 
tumor m the case of obstruction We think 
tliat the ideal prelinimar3' procedure in ob- 


(a) Afferent limb closed icidj for eim^imtion structioii of the left colon IS a transverse 



(b) Cross section of completed ainstoniosis 


colostomy or cecostomj In lesions in the 
right colon, a prelimmarj decompression is 
larelj' necessary If a decompression is done 
and the bowel cleaned, all cases, then, are 
readilj susceptible to primarv anastomosis 
In our series we found that when exteriori- 
zation was done in the face of obstruction 
there w’as often a great deal of trouble 
I w'as interested to see that Doctor Cat- 
tell’s mortality at the Lahey Clinic was 13 
per cent with the exteriorization method, and 


the collected series here, of 246 cases, gave approximately the same mortality with the 
aseptic method Thus the exteriorization method m expert hands certainh does give an 


adequately low' mortalit\ 
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CHRONIC ULCERATIVE COLITIS"^ 

A SUM1MAR\ OF EVIDENCE IMPLICATING BACTERIUM NECROPHORUM 

AS AN ETIOLOGIC AGENT 

Lester R Dragstedt, M D , Ph D , G M Dack, M D , Ph D , 

J B Kirsner, M D 
Chicago, III 

mOMTlIt I)H \HTMFNTS 01 SUUCHU , IH GU N F, ANtt n\CTFniOLOGl , A^D MLOICIM OF THE TJM\EnSIT\ OF CnrC\GO, 

ClllCACO, II I 

It is the purpose of the present communication to piesent a summaiy 
of a study on the piolilem of chronic ulceiative colitis earned on as a joint 
enterpiise m the Departments of Suigeiy, Bactei lology, and Medicine of the 
Univeisity of Chicago dm mg the past eight yeais Most of the data presented 
in previous lepoits** has been confiimed in oui fuithei experience and 
considerably amplified As a lesult of this \voik we aie peisuaded that 
Bactenuiit uecrophontiii, togethei with factois, some of which are at present 
unknown, plays an etiologic i ole m the disease 

It has long been lecogmzed that the pait played by bactei lal infection m 
chionic ulcerative colitis, as m othei enteiic infections, has been difficult of 
solution to a large extent because of the exti aordinary vaiiety and abundance 
of the normal intestinal floia The natme of the bacterial species m the 
various levels of the normal gasti o-intestinal tract and their relative abun- 
dance has been found to depend among other things on the type of organisms 
ingested with the food, the piesence of foci of infection m the nose and mouth, 
the acidity of the gastric secretion, the rate of passage of the fecal cuneiit, 
and perhaps of gieatest importance on the charactei of the diet It is small 
wonder, then, that cultuies taken fiom the colon discharges oi fiom lesions, 
seen with the pioctoscope, m patients with chionic ulcerative colitis have 
yielded a wide vaiiety of organisms and little agieement among investigators 

A number of yeais ago, in a study of the pioblem of acute intestinal 
obstruction, one of us together with Moorhead and Buick}d made the 
observation that segments of the intestine isolated from continuity with the 
alimentary tiact but letaming then normal blood supply become sterile after 
the passage of time Thus, a segment of jejunum or ileum, isolated as in 
Figure I, and washed with sterile water to leinove solid mateiial, becomes 
sterile in a few weeks if dropped back into the peiitoneal cavity Dack- 
has similarly observed that such segments diained to the outside as in the 
Thiry-Villa fistula also become steiile if undistuibed by the tiauina of iinga- 
tion 01 injection The factors involved in this self-sterilization seem to be 

* Read before the American Surgical Association, Wliite Sulphur Springs, W Va , 
April 28-30, 1941 

This study was supported by a grant from the Committee on Scientific Research of 
the American Medical Association 
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chiefly mechanical and consist in the piotective action of the intestinal mucus, 
which entangles the oigamsms, and peristalsis which steadily propels them 
along the tube It occuiied to us then that a study of the bacteria m the 
colon of patients with chionic ulceiative colitis ought to be moie significant 
when the diseased colon is isolated fiom the fecal stream and the processes 
of self-sterilization aie opeiative, in which case the oigamsms that might be 
found to persist ought to be of greatei significance than the buds of passage 



Tig I — Dntiam illustntmg an isolated segment of jejunum sten 
lized bj prolonged drainage into the peritoneal cavitj 



rie 2- — Diagiani illustrating a method for end ileostomj 


It IS not our purpose to discuss the meiits of ileostomy in the tieatment 
of chionic ulceiative colitis It is oui conviction that the piocedure is 
definitely beneficial ivhen so peifoimed that nutation and digestion of the 
abdominal wall does not occui The method that we have employed will be 
presented m detail elsewhere and a shoit description will suffice heie (Fig 2) 
The abdomen is opened through a short, low light lectus incision The ileum 
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IS ti ansccled about foui inches f i om the cecum and the distal end closed The 
mesentei ic vessels supplying the lowei six inches of the pi oximal end of ileum 
aie divided about an inch fiom the point wheie they entei the intestinal wall, 
in 01 del to pieseive the distal aicade and thus pi event neciosis of the poition 
of ileum that is to lie exteiioii/ed The ileum is then hi ought out six inches 
lieyond the skin suiface and the wound closed loosely, with the mesentei ic 



Tig 3 — Photoj,iipU sliowniR ^ppemnee o{ the skm covered ileostomy 
thiee months iftcr the opci ition Note the ibsence of excoiiation of the 
suiiounding skin 


bolder sutuied at the lowei end of the incision so that the exteiioiized ileum 
will aich downwaid A small Pezzai cathetei is then tied into the lumen of 
the bowel to diain off the intestinal content A lectangular segment of skin, 
foui by eight inches in size and six one-thousandths of an inch thick is then 
cut fiom the neighboring abdominal wall with a Padgett deimatome and 
wiapped caiefully around the exteriorized portion of ileum suturing it only 
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lo the skin of the alxloininal A\all which siiriounds the fistula A gau/c 
pressiire-ch essing completes the opeiation Ihc Pez/ai cathetei usually 
lemains intact foi six days c\hen the dressing may be icmoccd A complete 
take of the graft has occuiied m the foui cases wheie we have employed this 



Tig 4 — Pliotonncrognph show mg t pure culture of Bacterium 
uccrot'horum from nn imerohic Wood ngnr phte (t<2 700) 



Fig s — Photomicrograph showing the characteristic morphologj of 
Bacteiium uectopliorum, pleomorphism and filamentous forms 

(X 2 700) 


procedure The lesultmg ileostomy looks somewhat like a penis and may be 
easily fitted with an ileostomy bag The absence of excoriation of the skin 
is illustiated in the photograph m Figure 3 

At the present time, we have data on the bacteriology of the colon m 12 
patients with chronic ulcerative colitis m whom the fecal current has been 
diverted by end-ileostomy The symptomatology, roentgenographic and 
proctoscopic observations weie m each case characteristic of the severe form 
of the disease All had been treated in the Medical Service for varying 
periods of time, and weie finally refeired for surgical treatment because of 
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prosiressne cachexia anemia and persistence of local sxnnptoms Cultures 
from saline \\-ashings of the colon uere secured before operation at ^\eekly 
inter\als for the first two or three months afterward and at irregular intervals 
during the following >ears A stnkingh similar result was observed in all 
With the diversion of the fecal current aerobic organisms began to dimimsh 
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Steadily in number and after five to six weeks the flora became almost entirely 
composed of nonsporulating anaerobes ^ Careful examination of tlie 
anaerobic plates rev ealed a progressiv e predominance of one organism produc- 
ing gravnsh raised colonies from o 5 to i iMm m diameter The blood agar 
surrounding the colonies was unchanged in the anaerobic state but took on a 
green color when exposed to air A foul odor was produced Stamed prep- 
arations show this organism to be a gram-negative pleomorphic rod with 
occasional filamentous forms and irregular staining, but with no true branch- 
ing and no spores ( Figs s and 5 ) It grows onlv in a strictly anaerobic 
envTromnent and is easily killed by exposure to oxv-geii In one patient w itli 
chronic ulcerative colitis several enlarged Iv-mph nodes in tlie mesenterv’ of 
ascending colon were removed at the time of the ileostomy and from these 
the organism w as secured in pure culture It w as isolated from the colon of 
a young girl who died of ulceraave cohos and also from a thrombus in the 
portal vein at the hilum of the liver In tlie paoents vvitli ileostomies the 
organism w as, as a rule easily recovered during penods of acute exacerbation 
when blood and pus were present in tlie colon discharge but was not found 
or onlv- w idi diflicultv-, during penods of quiescence In one of these patients 
tlie colon was resected three vears after the ileostomy was produced and at 
tins time the organism was still predominant m the diseased colon It was 
also isolated together witli an anaerob.c streptococcus from a mesentenc Ivmph 
node in this resected specimen 
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We have called the oigamsm Bacteinim nca opho) uui because is seems to 
be identical A\ith the Bacillus nca ophoms isolated by Bang, in 1890, from 
cases of calf diphthei la Bang s organism is ell know n among vetei marians 
as the cause ot necioti7mg lesions m neailj all domestic and m some wild 
animals, ic, calf diphlheiia neciotic ulceis of the colon in hog cholera, 
metastatic neciosis ol the hvei and lungs of cattle and swine neciotic sto- 
matitis of cah es, lambs, and pigs, and necrotic lesions in the skin of sheep It 
IS also piobably identical with the Bacillus jundulijoi mis described by Halle,"* 
Lemiene,''’ and other French woikers, and found to be the cause of ulceiatue 
lesions about the mouth and subsequent often fatal septicemias Henthorne, 
Thompson, and Bea\ei,® ot the Ma^o Clinic, ha\e isolated Bactci aides 
jnndulijoi ims m pure culture tiom foui cases of hepatic abscess secondare to 
carcinoma of the rectum Then oigamsm seems to be identical with our 
Bacteiium ncci opltoi urn Similar organisms haee been lecoeered befoie trom 
luer abscesses, notablj b} Hams" Cunmngbam,® and Noiris** 

During the past eight yeais. Bad ct nun ncci oplwnim has been obtained 
from about 70 per cent of the patients with chionic ulcerative colitis m our 
clinic Two hundred and ninet} -eight patients with all stages of the disease 
have been examined during this period The oigamsm is difficult to cultivate 
and a routine technic is not apt to be successtul This is due to the exti erne 
sensitnity ot the organisms to oxygen and to the tendency of the fecal bacteiia 
to overgrow the plates Swabs taken from ulcerated aieas by means of the 
proctoscope and immediately streaked on the sin face of 10 per cent sheep 
blood-veal infusion agai plates, wdneh ai e then incubated under strict 
anaerobic conditions, haie usuall} been successful Our failuies to demon- 
strate Bacteiium iieci oplioi um in patients w'lth chronic ulceiatne colitis have 
occurred, as a rule, during periods of tempoiary recovery or quiescence or 
when It was not possible to make lepeated cultures (Figs 6 and 7) Ninety- 
nine normal individuals weie examined with a similar technic but m none of 
these w^as Bacteiium neci oplioi um tound It w'as howevei, recoieied fioiii 
two patients w itli cai ciiioma ot the rectum, from one case of I3 mphogranuloma 
inguinale, and from one patient witli an mflammatoi y stiicture 111 the sigmoid 

The various stiaiiis of Bacteiium ncci ophoi um isolated from diffeient 
cases of ulcerative colitis have displa)ed a similar bizarre moiphologj’^ and 
cultural chaiacteiistics, but some difteiences in antigenic piopeities Thus, 
labbits injected with one strain develop agglutinins to the specific organism 
injected 111 much higher concentration than to strains fiom other sources 
Perhaps, the best CMdence implicating Bacteiium iieci ophoi um as an etiologic 
agent m ulcerative colitis has been the discovery of specific antibodies to this 
organism in the blood of patients w ith the disease but not m noi mal individ- 
uals Both complement-fixing antibodies and agglutinins have been demon- 
strated Specific agglutinins for Bacteiium iieci ophoi urn have been found 
regularly in the blood of ulcerative colitis patients and usually in higher 
concentration during the active stages of the disease (Table I) In each case, 
also, a higher concentration of agglutinins for the patient’s own strain of 
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Bactcunui ncci ophoium has been found than for stiains fiom otliei individ- 
uals This IS well illustialed in Table II, where the serum of patient No 159, 
in dilutions as high as one m 640, agglutinated strains of Bade} mm neo’o- 
phoiitiii obtained horn hei own colon hut had no effect on stiams of the same 
oiganism fiom othei patients The presence of these specific antibodies 
stiongl} suggests that the oiganism is actively implicated in the disease 
process since agglutinins ueie not found for A^aiious strains of B coll, also 
isolated fiom the contents of the diseased colon 


TvnLr I 

PATH NTS* WITH CHRONIC 1 1 Cl R \TI\ F COI ITIS CORREI \TION OF SEA EUITA OE DISEASE AS DETERMINED BY 
PROCTOscoi 1C APPr \n \Ncr w iTii presi nce or n acteriem necrophorum and aa itii agglutinins 

I OR n actfrium necroi horuai 


Proctoscopic 

Number of 

Vumber from \%hich 
BadertUtn necro- 

Xumber Patients with Agglutinin 
Titer of 1-40 or Higher for One 

AppcTrTnce 

Patients 

phorttm Cultured 

or More Antigens 

0 

5 

I 

I 

I 

1 1 

2 

4 

2 

18 

7 

8 

3 

IS 

9 

13 (one not tested) 

4 

13 

II 

9 (two not tested) 

Proctoscopic key 

0 = healed or normal mucosa 




X r= fincl> Rranular mucosa — sltcht contact b1eeclitif> m one or several areas 

2 = cranuHr mucosa, contact bleeding — areas AMth no inflammation 

3 = bleeding granul ir mucosa Little eaudate areas a itb less marked involvement 

4 = markedlj inflamed, bleeding fnable mucosa, purulent caudate 

* Thirty six patients a ere tested scAeral of them repeatedly, oAer a penod of months during different 
stages of disease 


Table II 

AGGLUTININS IN SERUM OF THREI PATIENTS TO HOMOLOCOUS AND HETEROLOGOUS 
STRAINS or BACTERllTAI NECROPHORUM 


Patient 

Date 

Proctoscopic Agglutinin Titer of Serum for Strains of Baclenum necrophorum 

(Strain) 


Appearance 103 

146 

152 

159 

I 6 I 

164 

H A 

1/6 /39 

I 

0 


0 

0 

0 

(164) 

2/10/39 

3 

0 


40 

0 

0 


2/24/39 

4 

0 


0 

80 

80 


6/2 /39 

2 0 

40 

80 

0 

160 

80 

L D 

12/10/38 

4 



0 

80 

0 

(161) 

1/17/39 

4 



0 

80 

40 


S /2 /39 

4 0 

80 

160 

0 

160 

40 

I K 

12/20/38 

4 



640 

0 

0 

( 159 ) 

2/14/39 

4 



160 

0 

0 


4/4 /39 

3 0 

0 

0 

320* 

0 

0 

* Serum not tested 

above this dilution 







The available data indicate that Bade} mm nec} opJwj iim is pathogenic for 
both man and the lower animals Under the names Bacillus or Bactei aides 
ftmdubfoimis it has been implicated as the causative organism in ulcerated 
lesions in the tin oat and metastatic abscesses in distant oigans^ We re- 
covered it in pure culture from a clnonic breast abscess, and have received 
cultures of the organism, isolated by others, from a case of osteomyelitis of 
the femur secondary to middle ear infection, two cases of pleural empyema, 
and from the blood stream of a patient with lung abscess We have also 

659 



DRAGSTEDT, BACK, AND KIRSNER 


Annals of Surgerr 
October 1D41 


lepeatedly isolated it m pure culture from liver abscesses in cattle The 
strains of Bacfoimn nea ophonim that we have recoveied fiom cases of 
ulceiative colitis aie pathogenic foi labbits, producing m them chronic 
abscesses on subcutaneous injection Stiains seemed from liver abscesses 
m cattle aie moie vnulent for rabbits than those of human oiigni and a fatal 
spreading cellulitis is easily pioduced We have, hoA\ever, been unsuccessful, 
to date, in reproducing chronic ulcerative colitis in an)’’ of the lower animals 
Pure cultuies of Bactcuum neoophoium ha\e been given b}'^ mouth or by 
rectal injection, and have been mtioduced into isolated segments of the 
colon and lowei intestine in dogs, monkeys, and baboons, without the develop- 
ment of ail)’’ lesions However, the instillation of a laige amount of the 
bloody purulent dischaige from the colon of a seriously ill patient into the 
same animals ^\as also without effect 

This inability of Bactcumn neo ophoi mu to set up a colitis under the 
conditions of oui expeiiments is not suipiismg in view of some aspects of the 
epidemiolog)’’ of the disease It does not occin m ejiidemics and is not trans- 
mitted even by closest contact One of our patients, a young woman m whom 
an ileostomy i\as performed subsequentl)'^ gaie bnth to a healthy baby, and 
neither husband noi child developed the disease, although the isolated colon 
of the mothei continued to harbor Bactaimn neoophoium and continued to 
dischaige blood and pus These obseivations suggest that the causative 
agent is not maikedly invasive oi that some special susceptibility of the host 
IS essential The excessive chiomcity of the disease and its refusal to heal 
completely even during periods of comjjaiative good health aie likewise 
factois to be coiisideied Here, too, certain of the pioperties of Bacteimm 
nea ophoi mu appeal significant Beveridge’^’’ nas unable to demonstrate 
the development of immunity to this organism m rabbits and we have con- 
firmed this obseivation m a moie extensive study ^ Rabbits immunized by 
lepeated injection of Bacteniiin neci ophoi urn developed chionic subcutaneous 
abscesses as readily and as extensively as the controls The local neciotizmg 
action of this oiganism and its failure to incite an mci eased resistance in the 
host coi respond with the pathology m the colon and the long clinical course 
of the disease 


SUMMARY 

( 1 ) When the sei lously diseased colon in patients witli chi onic ulcerative 
colitis IS isolated from the fecal stream, as b)' end-ileostom)’’, aerobic organisms 
disappeai and anaeiobic oiganisms persist m laige numbers m cultures 
secured by swabs or saline washings of the lowei sigmoid Since the isolated 
colon remains diseased foi yeais, it seems piobable that the lesponsible 
organism oi oiganisms aie anaerobic m natuie 

(2) The follownng evidence indicates that Bacteimm iieci ophoi um plays 
an etiologic role in the disease 

(a) It IS the predominant oiganism 111 the isolated colon in ulcerative 
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colitis duiing peiiods of exaceibation and tends to disappeai dining 
pel lods of spontaneous quiescence 

(b) It has been found in the gieat inajoiity of cases of typical ulcer- 
ative colitis when appiopiiate methods foi its detection have been used 

(c) Specific antibodies foi this oiganism have been found in the blood 
in cases of chronic ulceiative colitis and not in the blood of normal 
individuals 

(d) The oiganism is pathogenic foi labbits, pioducing in them local 
abscesses and for man as indicated by its isolation in pine cultuie in a 
wide variety of pathologic piocesses 

(e) Examination of the hteiatuie indicates that it is very similar if 
not identical with Bacillus oi Bacfei aides juiidulifoi mis which has been 
repeatedly found associated with neciotic lesions of the mucous membianes 
in man and with Bacillus ncci oplioi us which is thought to cause vaiious 
neciotic lesions in domestic animals 

(3) Bacfei mm iieci opliot uni is probably piesent m the normal alimentary 
tiact of man and monkeys and lequiies some additional factois pioducing 
necrosis of the mucosa to furnish conditions suitable foi its growth Once 
this occuis, the oiganism seems capable of continuing and extending the 
process 
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Discussion — Dr Frank L Melene\ (New York, N Y) We have been very 
much interested in the work of Doctors Dragstedt and Dack in this field, and we believe 
that they have demonstrated the importance of Bacteuum neaophoiuvi in certain cases 
of ulcerative colitis They do not claim that it is the etiologic agent, and I believe that 
we still have to reserve judgment on that point I think the fact that they have demon- 
strated that It persists m the isolated colon after practically all of the other organisms 
have disappeared is significant I also believe that the presence in the patients’ serum 
ai agglutinins against their own organism, of a higher titre than against other strains 
of the same species, likewise indicates that at least some of the antigenic properties of 
the organism have been absorbed from the colon 
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Of course, m a field which is iiorniallj so completeH contaminated by many strains 
of bacteria, as the intestine is, it is verj difficult to prove which one, if any, is the 
significant organism as a causative agent with respect to ulceration of the bowel 

Since Doctors Dack and Dragstedt first published their w'ork we, in our laboratory, 
have been searching for these organisms in cases of chronic ulcerative colitis Our 
habitual search for anaerobes m all specimens that come to the laboratorj has also given 
us the opportunity to find Batlcnum nca ophonim in our cultures from other lesions 
Although w'c have tried very hard to find them in our cases of ulcerative colitis, care- 
fully searching for them in 40 cases which we haae evammed, w'e have found them in 
only three On the other hand, W'e have found them in nine other lesions which I would 
like to enumerate 

(i) In a chronic ulcer of the lagina in a little girl, associated with an anaerobic 
streptococcus (2) In a deep pelvic abscess, associated with an anaerobic streptococcus 
and a Staphylococcus albus (3) In a carbuncle, associated wnth Staphylococcus atneus 
(4) In an appendiceal abscess, associated with a colon bacillus, and an anaerobic strep- 
tococcus (5) In a sacrococcj geal cyst, associated wnth an anaerobic streptococcus 

(6) In a thyroglossal cyst abscess, m pure culture, without extensive necrosis of tissue 

(7) In a face infection follow'ing a dental abscess (8) In a li\er abscess (9) In a 
postgastrectomy w'ound infection 

Doctor Dragstedt has stated that the organism is vers susceptible to oxjgen, we 
have confirmed that finding On account of the probability that anaerobic organisms 
play a role m ulcerative colitis, w'e have advocated local treatment w'lth zinc peroxide 
In the three cases of ulcerative colitis m which we found the Baefenum uccjophoium, 
W’e have had a favorable response to treatment w'lth zinc peroxide In one of these cases 
we have been able to keep the disease m a quiescent phase The patient feels entirely 
normal with the nightly use of zinc peroxide as a retention enema In another desperately 
sick case, rectal administration was not enough We performed a cecostomj , and delivered 
the zme peroxide through the cecum The disease m the upper large bow’el was com- 
pletely controlled as revealed by a subsidence of s>inptoms and the restoration of normal 
contours, as shown b} barium enema, but disease persisted m the rectum A temporarj 
left low’er quadrant colostomy was then performed , the fecal stream cut off from the 
rectum , and this w’as treated w'lth zinc peroxide, with complete subsidence of the inflam- 
mation and healing of the ulcerations The continuitj of the intestine w’lll be restored if 
the lower segment remains normal for a jear 

In the third case, zinc peroxide w’as delivered through a cecostomy and the upper 
large bow’el was restored to normal An abdominoperineal operation w’as performed for 
persistent rectal involvement and anal fistulae That patient has remained perfectlv well 
for over three jears, with apparent restoration of normal bowel above the level of the 
colostomy 

I believe zinc peroxide should be considered m treating cases of ulcerative colitis, 
conservatively at first from below, as a retention enema If the case does not respond 
to that, there should be either a cecostomj or m v’erj’ bad cases, an ileostomj is performed 
to cut off the fecal stream If it is delivered from above, serious cases may be restored 
to normal 

There seems to be a real chance to restore the bowel and avoid an extensive resec- 
tion In some cases it may still be necessary to remove the rectum if its mucous membrane 
has been completelj’ destrojed 

Dr Lester R Dragstedt (Chicago, closing) I should like to emphasize that 
Baefenum neci ophoi urn is probablj identical with Bacillus junduhjonms isolated by 
Lemierre and Halle from ulcerative lesions in the nose and throat, with secondarj’ septi- 
cemia and metastatic abscesses in distant organs It is hkelv that the organism is a 
normal inhabitant m the alimentary tract We have, however, so far been unable to isolate 
It from the colon of normal individuals This may be because it is so difficult to isolate 
and cultivate on the ordinary media In view of the relativeh slight invasive properties 
of Baefenum neci ophonim, it seems probable that some other agent maj first induce 
acute ulceration in the colon which is then extended and maintained bj’ the necrotizing 
properties of Baefenum neci ophonim This name seems preferable to Bacillus fuiiduh- 
fonms because of priority, having been first suggested bj’ Bang, m 1890 
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In April, 1940, Robhn and his associates^ described the synthesis and 
physical propeities of sulfanil34guanidine befoie the Division of Medicinal 
Chemist! y at the meeting of the Ameiican Chemical Society These investi- 
gators gave the solubility of the compound in water as 190 mg per 100 cc at 
37° C Despite this lelatively high solubility, they found that the chemo- 
thei apeutic activity as tested in mice, to be considei ably less than that of the 
active sulfonamides In September, 1940, E K Marshall, Jr , et al pub- 
lished a report of then expeiinients with sulfanilylguamdme They had studied 
Its antibactei lal pioperties and its absoi liability iihen given 01 ally and intra- 
peiitoneally The) also desciibed their observations on the toxicity of this 
compound in laboratoi y animals These studies led them to conclude 

(1) “Although faiily soluble in water, sulfanilylguanidme is poorly 
absorbed from the intestinal tract 

(2) “The concentiation of cohfoim bacteria m the feces of mice can 
be 1 educed by its administi ation 

(3) “The toxicity of this drug has been investigated in mice, rabbits 
and dogs On the basis of all experiments, it would appeal , when 
given by mouth, to be no more, and piobably less, toxic than 
sulfapyi idine and sulfathiazole ” 

Belieiing that an antibacterial compound, which is faiily water soluble 
but only slightly absoibed fiom the intestine, would be of great value in 
surgeiy, iie gave sulfanilylguanidme to 12 patients who lequired opeiations 
upon the colon The lesults of this initial study wei e presented^ at the meeting 
of the Southern Surgical Association m Decembei, 1940 None of the patients 
showed detectable evidences of toxicity In some cases, the fall in the concen- 
tration of cohform oiganisms m the stool was surprisingly great and, although 
no conclusions weie diawn from such a limited experience, the impiession 
was gained that this drug is an adjuvant m colonic surgery Fuither clinical 
experience with the use of this sulfonamide modified the initial impression 
and made experimental Avoik necessaiy in Older to asceitain the value of this 
drug in suigery The lesiilts of oui studies with sulfanilylguanidme can he 
most conveniently pi esented under the appropi late headings ( i ) Reduction of 
cohfoim bacteiia in the stool, (2) absoiption and excietion of the drug, and 
(3) toxicity 

(i) Reduction in the Colifonn Bacteua in the Stool ~Ou\ observations 
upon patients had not progiessed veiy fai before it became cleai that in some 

* Read before the American Surgical Association, White Sulphur Springs, W Va 
April 28-30, 1941 
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persons the numbei of cohfoim oigamsms m the stool was unalteied despite 
the oral administiation of sulfanilylguanidine for ten days The legulai dose 
was 50 mg per kilo of body weight, every eight hours On the othei hand, 
there were patients in n horn the drug pi oduced an impressive reduction m the 
numbei of these bacteiia m the stool Similar vaiiations m the 1 espouse to 
this diug weie obscived in dogs, in fact, with twice the dose, 7 c, 50 mg per 
kilo, evei}'’ four hours, it was the exceptional animal that had even a moderate 
lowering in the concentration of the cohform bactei la When dogs were kept 
on a low residue diet and given i Gm of the drug per kilo pei day, in six equal 
doses by gavage, a mai ked 1 eduction m the bactei lal count usually occurred in 



Chart i — The effect of Hrge doses of sulfTniljlRuinidine on the numl)er 
of cohform orginisms in the stool of dogs The nnximum ind minimum con 
centrations of the drug in tlie hlooa arc shown 


from five to eight days There weie some dogs, however, under this regimen 
that failed to show a definite reduction, and a furthei increase 111 the dose 
would sometimes, but not always, cause a significant lowering m the number 
of bacteria 111 the feces Theie weie many animals that suivived the incredibly 
large dose of 5 Gm pei kilo pei day for more than a iiionth Chart i illustrates 
the course of foui such dogs It is seen that the concentration of cohform 
organisms is giadually reduced to a level var3ang from 10,000 to 100,000 
organisms per cc of wet sediment of stool, and that fuither 1 eduction is not 
attained by continued administiation of the drug 

On theoretical giounds, if the bacteriostatic effects of sulfanilylguanidine 
are due entirely to the action of the drug on the contents of the bowel, then it 
follows that the maximum effect should be expected when saturation of the 
intestinal contents is reached In an effort to thiow light on this point, the 
concentration of sulfanilylguanidine in the stool was detei mined and correlated 
with the bactei lal count No relationship could be established because the 
stool always contained solid diug if more than o 5 Gm per kilo per day was 
given by mouth, and it was found that this was the minimum amount requii ed 
to lower the bacterial count In dogs which leceived enormous amounts of 
the drug by mouth, the feces would be almost solid with sulfanilylguanidine , 
yet, I cc of the wet sediment of such a stool fi equently contained over 100,000 
cohform organisms 
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The bactenal count in the stool may not repiesent an accurate indication 
of the action of sulfamlylguanidine within the colon It seems that the repeated 
analysis of the contents of isolated segments of colon that contained the drug 
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Chart 2A — The nte of Tbsorption and the bicteriostatic effect of 
sulfuiih Igmnidine when pHeed in isolated colonic loops 


might gnc moie lehable data Our next expeiiment was planned to do this 
and also to compai e the antibactei lal effect of sulfamlylguanidine and sulfanila- 
mide under standaid conditions 
Foi this purpose, identical segments 
of the colon of dogs ^\ele isolated g 
and the continuity of the bowel was | 

UJ 

restored by anastomosis From each " 
isolated segment the gross fecal ^ 

u. 

matter ■\\as washed away, specimens ° 
for bactenologic study weie taken, g 
and 5 Gm of either sulfanilamide £ 
or sulfamlylguanidine -weie placed g 
in the lumen of a loop before do- | 
sure \vas completed Subsequently, ° 
the peritoneal cavity w^as opened S 
and the contents of the loop were g 
aspirated under aseptic piecautions 
The samples thus obtained were 
studied to deteimuie (i) the con- 
centration of the diug lemaining in 

the loop, and (2) the effect of each compound on the bacteria within the 
loop The values found 111 these determinations aie given in Chait 2 A and 
B Under the conditions of this expeiiment it is evident that each com- 
pound caused a pionounced decrease in the number of cohform bacteria 
within the lumen of the isolated segments of colon The fall in the number of 
bacteria extended fiom ovei a billion organisms pei cc to less than ten In 
every instance, the bacteriostatic effects disappeared when all the drug had 
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been absoibed from the loop Fiom the charts, it is clear that the rate of 
absorption of sulfanilamide from the isolated colonic loop is veiy much fastei 
than that of sulfanilylguanidine Histologic examination of the isolated seg- 
ments of the colon did not show any alteration because of their prolonged 
contact with these drugs 



Chart 3 — The nction of sulfinilylguinidine on the bncternl 
flora of the normal gastrointestinal tract of man uhen gi\en at 
four and eight hour interaals 


The fiequent failure of sulfanilylguanidine to 1 educe the numhei of cohfoim 
bacteria in the stool might be explained on the spacing of the doses To investi- 
gate this possibility, we gave a group of normal adult men 4 Gin of the drug 
by mouth every eight houis, and a second similar group 2 Gin of the drug 
by mouth every four hours Chart 3 illustrates the ditfeiences resulting when 
the more frequent doses were given It will be noticed that after eight days 
of treatment with an eight-hour inteival, the bacteiial count was scarcely 
altered, wheieas within six days with an interval of foui hours between the 
doses, the count fell from 10,000,000 to less than 100 organisms per cc of stool 
The gi eater effectiveness of frequent doses was also shown in dogs A typical 
illustration is given m Chart 4, wherein the maximum effect of sulfanilyl- 
guanidine was obtained m foui days when the drug was given at four-hour 
intervals In contrast to this, the fall 111 the numbei of bacteria was slower and 
less marked when the doses wei e spaced at 12-hour intei vals The explanation 
which is offered foi the gieatei effectiveness of the diug when administered 
frequently is that by shoitemng the interval between doses, more constant 
contact is maintained between the diug and the mucous membrane hai boring 
the bacteria 

In an effort to deteimine why some patients showed a reduction in the 
bacterial count, wheieas others on the same dietary regimen and dosage of 
sulfanilylguanidine showed no reduction, we studied the recoids of 48 patients 
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tieated ^Mth the chug Fiom this study, it was evident that the patients with 
an ulceiative caicinoma in the colon showed little oi no fall in the number of 
bacteiia in the stool (Chait 5) This was consistently tine and, although the 
numbei of patients with ulceiative lesions is less than 20, it is important to 
leain whethei this obseivation is confiimed If it is true that an ulcerative 
lesion in the bon el neutialues the bacteriostatic activity of sulfanilylguamdme, 



Chart 4 — The Tction of sulfTnilylguTnidine on the coliform 
bicteria in the gastro intestiml tract of dogs giien at four and 
1 2 hour intervals The corresponding concenti ations of the drug in 
the blood are given 


this fact Will constitute a real limitation to the use of the drug in surgery It 
IS well known that puiulent exudates contain an anti sulfonamide factor which 
lendeis this compound ineffective The suggestion is made that infected car- 
cinomata in the bowel may pioduce a similai antisulfonamide factor In our 
gioup of patients, extensive reduction in the number of coliform oiganisms was 
obtained only in those whose intestinal mucosa was intact It was in these 
patients that the bacteiial counts fell from over 10,000,000 to less than 1,000 
If, when resecting the colon, enormous reductions are dependent upon an 
intact mucous membrane, surgeons may prefer a two-stage operation, in 
vhich the ulceiative lesion is lemoved by the Mikulicz procedure, and sul- 
fanilylguanidine given to 1 educe the bacterial flora befoie the continuity of 
the bowel is restored If sulfanilylguanidine, or a similar sulfonamide com- 
pound, can be lelied upon to lendei the colon relatively free of pathogenic 
bacteria, the bowel can then be anastomosed and leturned to the peritoneal 
cavity 
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(2) Absoiphon and Exnetion oj the Ding — Our experiments indicate 
that sulfanilylguanidine is more slowly and less completely absorbed from the 
intestinal tiact than many othei compounds of the sulfonamide series, but it 
has become clear that the low concenti ation of the diug in the blood is not 
due primarily to poor ahsoibabihty but rathei to its piompt elimination by the 
kidneys This fact is suppoited by the observations of Mai shall and his asso- 
ciates, who found that a dog receiving o 02 Gm pei kilo of the drug by mouth 
had excreted 37 7 pei cent aftei four houis, and 52 2 pei cent after six hours 
In a patient who leceived 2 Gm of sulfanilylguanidme ever)' four hours, the 



Chart s — The effect o£ sulfanil>lgnanidine on coliform organisms in the 
presence of ulcerating lesions (carcinoma of the hepatic fleMire) as compared 
to the effect iihen the mucosa is intact (gastrojejunocolic fistula) 


blood level varied from 2 to 6 g mg per cent On the fourth day, the total 
urinaiy output was 44 Gm , and during the following 24 hours more than 50 
per cent of the ingested diug was excieted by the kidneys (Chart 6) Within 
one day after withdrawal of the drug, the renal output of sulfanilylguanidme 
fell to o 05 Gm , although a considerable quantity of the drug was still in the 
lower colon This hears out Marshall’s'^ experiments, which showed that sul- 
fanilylguanidine is absorbed from the small intestine more rapidly than from 
the laige, and that it is promptly excreted in the urine In this communication, 
dealing with the use of the drug m bacillary dysenteiy, it is pointed out that in 
one patient who received 005 Gm per kilo eveiy four hours, the average 
urinary excretion of the drug was 13 per cent of the amount ingested In a 
second patient, on the same dosage, the average excretion was 25 per cent It 
IS noteworthy that these patients (Cases 5 and 7), weie having diarrhea, and 
that the patient with the 25 per cent urinary excretion was having from seven 
to ten stools a day 

It must be emphatically stated that absorption from a diseased intestine, or 
m the presence of intestinal obsti uction, is unpredictable To demonstrate this, 
the following experiment was performed The terminal ileum of dogs was 
divided and occluded One gram of sulfanilylguanidme per kilo was intro- 
duced into the intestine above the obstruction The results m the blood levels 
varied from 3 to 350 mg per cent The animal which showed the latter figure 
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died within foui hours In pa- 
tients with actual oi impending 
intestinal obstiuction, the use ot 
sulfanilylguanidine is contiaindi- 
cated, foi not only is the absoib- 
ing function of the intestine 
greatly altered but the occui rence 
of leveised peristalsis tends to 
letain the drug in the small in- 
testine, where it is leadily ab- 
sorbed 

In seveial of the animal ex- 
pel iinents, in which fiom i to 5 
Gm of sulfani^dguanidine pei 
kilo were adininisteied each daj' 
over a period of weeks, a sudden 
increase in the concentration of 
the drug in the blood occurred 
An illustration of this compli- 
cation is shown in Chart 4 
Whether this is due to an altei- 
ation in the late of absorption 01 
excretion of the diug is not clear, 
but the latter seems more prob- 
able Similar 'observations have 



DAYS 

Ch \rt 6 — The rates of absorption and excretion of 
sitlf iniljlgunnidine by a patient with a normal gastro 
intestinal tract receiving two grams of the drug every 
four hours 


not been made in patients, but, on the other hand, the drug was always with- 
drawn on the first evidence of toxicity It seems likely that, with the cus- 
tomary therapeutic dose of sulfanilylguanidine, patients with severe renal 
disease or those having anuria following anesthesia, might develop exces- 
sively high blood levels It is imperative, theiefoie, that the renal function 
of a patient be faiily noimal before he receives this drug 

(3) Toxicity It IS not fair to make any deductions concerning the 
toxicity of sulfani^dguanidine in dogs which received 5 Gm pei kilo per day 
It IS significant, however, that several dogs suivived this enormous dosage for 
50 days— a fact which argues stiongly foi the relatively low toxicity None of 
the original 12 surgical patients who received sulfanilylguanidine showed any 
signs of toxicity, but in the subsequent 36 patients four had mild toxic symp- 
toms Three of these four patients leceived the drug at four-hour intervals 
The manifestations of toxicity were fevei (four cases), erythematous rash (two 
cases), headache (two cases), anoiexia and nausea (foui cases), photophobia 
(one case), and conjunctivitis (one case) In every instance, the toxicity 
promptly disappeaied upon the withdiawal of the medication None of our 
patients developed hemolytic anemia, jaundice, hematuria, leukopenia or 
gianulocytopenia ' 


Apparently, the toxicity bears no relationship to the concentration of the 
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drug in the blood, but may be associated with the quantity of the drug absoibed 
and excieted If 6 Gm of tlie diug are excreted in 24 bouis, and 40 pei cent 
of the compound is conjugated, and the acet3d denvatn^e has a solubility of 75 
mg per cent m mine, it would lequire an uiinaiy output of 3,200 cc to keep 
the acetyl deiivative m solution, and thereby insuie against the formation of 
crystals 111 the uppei urmaiy tiact 

It seems pi obable that toxic reactions of sei lous pi oportions can be avoided 
if ceitam piecautions aie followed Fust, sulfanilylguanidine should not be 
given to patients wntb seriously impaiied lenal function Second, the diug 
should be discontinued upon the first evidence of toxicity Finally, the daily 
urmaiy output must be kept above 1,500 cc 

SUIUMARY AND CONCLUSIONS 

Expel imental and clinical studies wntb sulfanilylguanidine have sbowm that 
when an adequate amount of the di ug is given at sufficiently fi equent intervals, 
the colifoi m flora of the bow'^el can usually be significantl}’^ 1 educed This treat- 
ment does not deciease the number of other bacteiia 111 the colon No leduc- 
tion in the number of coliform 01 ganisms bas been obtained in the presence of 
ulcei ative lesions of the bow^el 

Although the diug is slowly absorbed when taken by mouth, a consideiable 
quantity of the compound is absorbed undei theiapeutic conditions Ordi- 
narily, concentration m the blood lemains low’' because the drug is rapidly 
eliminated m the urine Abnormalities of absorption 01 exci etion may cause a 
dangerous accumulation of the drug 111 the body 

Relatively mild toxic leactions have occurred in patients leceiving sul- 
fanilylguanidine by mouth The moie severe reactions caused by some of the 
othei active sulfonamides have not occuiied Apparently, there is no rela- 
tionship betw’een the toxicity and the concentration of the diug in the blood 
To avoid seiious reactions, sulfanilylguanidine should not be given to patients 
with intestinal obstiuction 01 wnth seriously impaiied lenal function, and 
should be withdrawal immediately upon the appeal ance of toxicity 

The authors thank Drs F Louis Knotts and Frank Inui for their assistance 
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Discussion — Dr Harvl\ B Stonf (Baltimore, Md ) I shall limit my remarks to 
piy own personal experience in the use of this drug First, I would like to mention one 
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phase of its possible value which Doctor Firor did not touch upon in his paper We have 
employed it in some six or eight cases of chronic ulcerative colitis, in the hope that it 
might prove of value m the treatment of this disease, and I regret to say that, so far 
as this scanty evidence goes, it proved to have no beneficial effect whatever, that we 
could recognize It simply did nothing toward relieving the symptoms or improving 
the appeal ance of the mucous membrane in the bowel, as seen through the proctoscope 
I have used the diug as a preparatory measure in 25-odd cases in which the opera- 
tion was planned upon the large bowel for one cause or another, and can report that 
in that senes of cases there were no deaths as a result of the operation which followed 
this prepaiatoiy treatment I think, however, that this is entirely negative evidence, 
because it is not at all unusual to run a series of 25 cases with the ordinary preoperative 
pieparation, lacking sulfanilylguanidine, without a fatality, so that this evidence I think 
IS of no great value 

In this gioup of cases, I had one patient who showed very much moie severe toxic 
symptoms than those which Doctor Firoi has leported in his experience This patient 
ran a sudden elevation of temperature from a previous level of perhaps a maximum of 
100° F in the 24-hour chart, to an elevation of 103° F , with a pulse rate increasing from 
approximately 100 to 140, with coma, cyanosis, and had the general appearance of desper- 
ate illness The drug was immediately stopped, and within 24 hours all of the symptoms 
completely disappeared, so that I think it is a fair assumption that this grave change in 
the patient’s condition was actually a toxic manifestation of sulfanilylguanidine 

In conclusion, the evidence that I have so far acquired personally from the use of 
this drug has not been such as to lead me to think it has great value, and I have, 
personally, discontinued its employment as a preoperative pieparatory measure for resec- 
tions of the large bowel 

Dr Herman E Pearse, Jr (Rochester, NY) I would like to ask Doctor Firor 
if he has used the drug in the tieatment of regional ileitis or regional enteritis We 
have, with a very slight experience, gained the impression that it may be valuable in at 
least controlling the sjmptoms in patients with this disorder who have extensive disease 
beyond the possibility of resection 

Dr Warfield M Firor (Baltimore, Md, closing) In answer to Doctor Pearse’s 
question, I should say we have used sulfanilylguanidine in only one instance, with 
questionable benefit 

I think that I can quickly summaiize our feeling about this compound First, to 
gam any lowering in the concentration of the coliform bacilli in the stool, it is necessary 
to give the drug at four-hour intervals Second, in the presence of ulcerative lesions, 
it seems to be ineffectual, and if this observation is generally confirmed it indicates a 
real limitation in the use of this compound 

We feel that the diug is absorbed in large quantities, but slowly, from the alimen- 
tary canal, and promptly excreted by the kidneys Where there is a diseased bowel or 
impending or actual intestinal obstruction, the drug should not be employed We believe 
that there will be an increasing number of reactions with the closer spacing of the doses 
Finally, I think we can summarize our feeling, as I did at the Southern Surgical 
Association, by saying that we do not think sulfanilylguanidine has great merit of its 
own, and that its chief value is that it points the way to a new approach for making 
surgery of the large bowel safer 
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THE SYNDROME OF IMESENTERIC OR SUBPERITONEAL 
HEMORRHAGE (ABDOMINAL APOPLEXY)^ 

Glvnn F Cushman, M D , and Alson R Kilgoru, M D 

S\N Fkancisco, Calip 

mOM TUf IIOSIIT^I DU \HT\IfNT OJ Till W lATHIS I \CIHC IIAIUtOAD SAN IHANCISCO CAIIf 

Rupture of inti a-abdominal blood vessels in tbe absence of aneurysm 
01 of dnect majoi violence appears to be extiemely rare We have found 
but i8 reported cases, in onl}'^ one of which (Cnle and Newell) was tbe 
diagnosis made before operation oi neciopsy We report three additional 
cases, bringing the total to 21, and in one of these there ueie two hemor- 
ihages, two yeais apart — the onl}' instance we have found of repeated, uncon- 
nected episodes of mesenteric apoplexy From a study of these new cases and 
of the few pieviously reported, in sufficient detail, we believe it is possible to 
recognize a senes of signs and symptoms, con elated vith tbe progressne 
stages of such hemonhages — a S3'ndrome often sufficiently clear to permit 
clinical diagnosis 


CLINICAL PICTURE 

(1) Affe, Sci, and Vasculai Condition — Mesenteric vascular rupture has 
occuried about twice as often in males as m females The average age was 
53, with only thiee patients undei 40, the youngest 27 Arteriosclerosis, 
either demonstrated or presumed on account of age, was pi esent in four-fifths 
of the cases, and well-marked h3'pertension in one-third 

(2) Injuiy 01 Stiain — These shortly pieceded the onset of S3nnptoms m 
each of our three patients, though m two the stiaiii was ielativel3’- minor 
(being “jerked” when boaidmg a moving stieet car, carr3ung a heav3’- load 
of commutei’s bundles on to a feiiy) The patients weie little impressed b3’^ 
these incidents, the histones being obtained only b3'^ pei sistent, direct question- 
ing, and this may account for the fact that in only one of the previously 
reported cases was strain 01 injuiy recorded 

(3) Chaiactei of Initial Pam — A fresh hematoma, confined between 
mesenteric leaves or spreading under visceral peritoneum, gives rise to the 
chai actenstic dull, sickening pain of peritoneum under tension It is usually 
sudden m onset, persistent or graduall3'^ subsiding, lathei than intermittent 
and colicky, as m obstruction, and is usually accompanied, sooner or later, 
by nausea and vomiting Instead of the tense quiet of peritonitis, patients 
exhibit a restless and unsuccessful search for a position of comfort Vomiting 
and evacuation of the bowel afford no lelief 

(4) Subsidence and Recuiience of Pam — If hemorrhage ceases, distress 
gradually subsides, only to return if the size of the hematoma is increased 

* Read before the American Surgical Association, White Sulphur Springs, W Va , 
April 28-30, 1941 
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by lenewed bleeding This jadmg and return of pain occurred in seven of 
the cases repoited in the hteratuie and in each of our thiee patients 

(5) Secondmy Seveie Pam and Shock — ^^Vlth continued bleeding, 
luptuie of a leaf of mesenteiy encapsulating the hematoma occurs and blood 
under tension is suddenly pouied out into the peiitoneal cavity This 
pioduces sudden, erciuciatmg e\aceihahon of pam followed rapidly by 
collapse with lowered blood piessure, clammy skin, rapid thready pulse and 
subnoi mal temperature 

Physical activity, vomiting, or the use of purgatives may increase or re- 
establish bleeding, and so be responsible for increase or recurrence of 
symptoms 

Time from initial pain to rupture into the abdominal cavity has varied 
from an interval too short to peimit recognition of the symptoms of hematoma 
up to several days In Silvertone’s patient, the symptoms subsided after three 
days and returned two or three times befoie sudden collapse a week later 
Biuce’s patient had vague abdominal pains two days before his general 
peiitoneal signs Morton reported a clear example of repeated bleeding for 
a week before rupture of the hematoma In our fiist case, onset occurred 
24 houis before rupture into the abdominal cavity There was temporary 
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subsidence of distress, exacerbation following eating, and again after taking 
castor oil Rupture of the hematoma finally occurred during induced vomit- 
ing Doubtless, subperitoneal hemorrhage has occurred in many instances 
without ruptuie into the general cavity, thus escaping operation and diagnosis 
(6) Leukocytosis — The white count is usually elevated In our cases, 
counts ranged from ii,6oo and 12,700 with unruptured hematomata to 
21,000, 24,000 and 26,000 with hemoperitoneum 
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(7) Red Count and Hemoglobin — If hemoirliage of considerable 
quantity occuis, ceases, and is lenewed at long enough inteivals to allow 
compensatory inciease in blood A'olume, hemoglobin and led count aviII be 
1 educed (see chart of Case 3) 

Tieafnienf — In 17 patients opciated upon, the souice of bleeding was 
said to have been identified and ligated in seven, with but one death Of ten 
cases m which no point of hemoirhage was located, four died This suggests 
that opeiation is the tieatment of choice Yet it may well be that in some 
instances it was possible to identif)' and ligate bleeding vessels because of 
the fact that hematomata were less massive and extensive and that several of 
these patients might have recovered equally well without opeiation Of the 
four instances (in three patients) leported here, recovery followed in two, 
without operation, and in two, aftei opeiation, at which nothing was done 
directly to stop bleeding 

If clinical diagnosis can be made, the duration and seventy of symptoms 
may be a better guide to tieatment than an invariable decision to operate 
upon all patients If bleeding is slow' or intermittent, expectant treatment 
w'lth complete rest of the patient and his gastro-intestinal tiact may w'ell be 
indicated If the peiiod of time from onset to rupture of the hematoma is 
short, indicating rapid hemorrhage, prompt operation is obviously the treat- 
ment of choice 


CASE REPOETS 

Case 1 — Male, age 40, steel worker Shortly after dinner, this man ran a block 
or more and boarded a car after it had started He recened “quite a severe jerk” when 
he caught the hand rail but felt no abdominal pain at the moment Ten or 15 minutes 
later, while sitting in a theater, dull pain began in his upper abdomen, constant, gradually 
increasing m seventy He felt an impulse to ha\e a bowel movement, but a fairly 
large evacuation gave no relief He left the theater and returned home because of 
increasing pain 

Discomfort was severe enough to keep him from sleeping that night but subsided 
toward morning Immediately after eating a light breakfast, the same nagging, persistent 
pain in the epigastrium returned, and remained with moderate se\eritj throughout the 
day while he rested at home By evening it had lessened and he ate a fairly hea\y 
dinner, followed by another exacerbation of distress A large dose of castor oil served 
only to increase pain By this time there was a little nausea Vomiting i\as induced 
by gagging, during which the pain suddenlj' became agonizing throughout the entire 
upper abdomen and he felt as if a belt were being tightened about his waist 

One of us (G F C ) saw him about ten minutes later He was moaning with 
pain, incessantly tossing about in bed, unable to find a position of even relative comfort 
Pulse 120, thready and barelj perceptible, blood pressure 70/50, skin clammy and cold, 
temperature 95 6° F The abdomen was moderately tender throughout on deep pressure, 
but without rigidity or even localized muscle spasm At hospital, an hour later, W B C 
26,000, 67 per cent polymorphonuclears The patient was now vomiting small amounts 
of bile-stamed fluid at frequent intervals, with no relief of exquisitely acute pain 
Tentative Diagnosis Mesenteric thrombosis 

Opeiation — Upon opening the abdomen, under novocain, through an upper right 
rectus incision a large quantity of dark blood gushed out The transverse mesocolon 
was distended by an hematoma between its leaves extending from root to colon and 
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from hepatic to splenic flexures There was a rent in the lower surface of the meso- 
colon, through which blood had escaped , but the tear was filled with clot and no active 
bleeding could be found The hemorrhage was presumably from a branch of the middle 
colic arterj There was no evidence of inadequate blood supply to the transverse colon 
The abdomen was closed without drainage, and lOO cc of whole blood injected intra- 
muscularly 

Convalescence was uneventful He was discharged from hospital in three weeks, 
and returned to work as a structural iron worker at the end of two months 

No cause for the hemorrhage could be determined, unless it was the seemingly 
insignificant injury of a “jerk” when boarding a moving street car He had no appre- 
ciable thickening of peripheral arteries and blood pressure on several occasions was 
within normal range Wassermann test was negative 

He remained well for two years Then, about two hours after eating, without injury 
or strain, he suffered another attack of dull epigastric pain It was not, at first, severe 
enough to prevent him from going to work but persisted and gradually increased in 
seventy so that he had to quit and go home after a few hours He described his pain 
as dull, “dragging” or “tearing” in character, constant and not intermittently cramping 
— the same, he said, as that in the attack two j^ears before A dose of castor oil was 
followed by vomiting, but this time no sudden major exacerbation of pain with shock 
and collapse followed 

The abdomen presented only a moderate degree of diffuse tenderness in its upper 
half There vas no muscle spasm and no mass was felt, either at first examination or 
later Temperature ioo° F , pulse 94, WBC 12,700, with 85 per cent polymorpho- 
nuclears, hemoglobin 95 per cent, RBC 4,550,000 Intramuscular injection of whole 
blood was administered tv ice, and he was kept at rest and without food for 24 hours 
Pain, fever, and leukocj tosis subsided over a period of three days, and he was discharged 
with diagnosis of recurrence of mesenteric hemorrhage, not going on to rupture of the 
hematoma 

At recent physical examination, five 3'ears later, he was found in good health, having 
worked steadily and with no recurrence of abdominal distress 

Case 2 — Female, age 63, stenographer She had had repeated attacks of epigastric 
pain over several years, diagnosed as cholecystitis but without jaundice or fever She 
had had one attack of transitory vertigo a few months before present illness 

While carrying a considerable load of week-end supplies on to the ferry, she sud- 
denly “felt as if something tore on each side, right from chest to abdomen ” This pain 
lasted only a few seconds, she continued her trip, remained active and had no further 
distress during the rest of the day In the afternoon of the following day, she began 
to have colicky pains across the lower abdomen, gradually increasing in intensity and 
finally becoming constant An hour after the second onset she had nausea and then 
severe, repeated vomiting The second morning she was still suffering pain and nausea 
There was no fever, hemoglobin 94 per cent, RBC 5,130,000, WBC 11,600, 78 per 
cent polymorphonuclears , urine normal Flat roentgenogram of the abdomen showed 
moderate distention of several loops of small intestine, suggesting at least partial 
obstruction 

At operation, in the evening of this second day of illness, a subperitoneal hemorrhage 
was found, extending from the base of a small, noninflamed Meckel’s diverticulum 
eight inches toward the cecum, spreading under the peritoneum of the bowel rather 
than in the mesentery The diverticulum was inverted with purse-string suture, though 
no active bleeding could be found Recover}' was uneventful 

This patient’s peripheral vessels were not unusually hardened and her blood pressure 
was within normal limits She died, however, five years after this incident from 
cerebral hemorrhage 

Case 3— Male, age 51, bridgew'orker A rather heavily loaded supply car with 
steel-flanged wheels ran over his left thigh near the groin He suffered an extensive 
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abrasion and contusion of the thigh, most severe on the mediodorsal aspect The scrotum 
was contused and both testes swollen The abdomen was soft, not tender, and presented 
no external eiidence of injury There was no fracture of pelvis or spine nor any 
bladder injury Peripheral arteries were moderately thickened, blood pressure 125/60, 
WBC 21,250, Mitli 96 per cent polj morphonuclears , hemoglobin 80 per cent, RBC 
4,320,000 

His progress was satisfactorj until the ninth da>, when his temperature rose to 
1022° F He complained of persistent, extremely annojing, dull ache about the umbilicus 
with a little nausea but no vomiting On this daj W B C v as 24,000 , hemoglobin 
60 per cent , R B C 3,500,000 

The abdominal symptoms gradually subsided and he felt fairly well the following 
day Two dajs later a similar episode occuried, subsiding this time in about 36 hours 
White count during this attack was 19,200, hemoglobin 57 per cent, red count 3,040,000 

No further discomfort was complained of until another full week had elapsed Red 
count had risen to 3,460,000, with hemoglobin 65 per cent The third attack was identical 
m character with the two preceding ones — the same annojmg, constant, aching pain 
centered around the umbilicus, associated with slight nausea Repeated abdominal exam- 
inations demonstrated no tenderness, muscle spasm nor any mass Hemoglobin after 
onset of the third attack dropped to 52 per cent , R B C 2,900,000 , WBC 18,300 

The character of pain and its recurience, associated with leukoc^ tosis, afebrile 
except at first onset of pain, w'lth such definite reduction in hemoglobin and red count 
(see chart) following each episode, led us to a diagnosis of subpentoneal hemorrhage, 
intermittentlj renewed but wnth hematoma unruptured into the general cavitv It w'as 
not until about one month later that a vaguelj definable mass w’as first discovered in 
the right low'er quadrant It w’as about the size of a grapefruit, not tender and gave 
the impression of containing fluid The patient had, by tins time, no complaints that 
could be referred to it Gastro-intestinal roentgenograms w'erc reported as show’ing 
“a tumor mass in the right lower quadrant wdiich does not invade the bow'el but slightly 
displaces the cecum and terminal ileum ” 

The mass gradually diminished in size during the following two months while he 
was under observation From its location, the hematoma presumably arose from a 
branch of the superior mesenteric artery Although the first symptoms suggesting mtra- 
abdominal hemorrhage did not appear until the ninth day following injury, it seems not 
improbable that the initial vascular rupture occurred at that time and that the more 
severe pain of the external injuries masked any abdominal distress Each of the 
episodes of onset and subsidence of pain apparently represented transitory renewal of 
bleeding, which finally ceased without peritoneal rupture 

SUMMARY OP COLLECTED CASES 

Available mfoimation about collected cases (including those heiewutli re- 
ported) IS summaiized in Table I 

Bleeding came from the distiibution of the celiac axis m eight instances 
and the supeiior mesenteric m 12 — source not identified in one 

In seven cases, the hematoma lemamed umuptured into the abdominal 
cavity, in the remainder, hemopeiitoneum was found In all but two of the 
latter, lupture of the hematoma gave use to the charactei istic clinical picture 
of profound collapse and shock Roughly, about one-thnd began with pain 
and did not go on to collapse, about one-third began with pain, and after 
a period of sevei al hours to several days, wuth or w ithout intei veiling exacer- 
bations, finally suffeied lupture of hematoma into the abdominal cavity wuth 
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collapse, and in about one-thud, peiitoneal luptuie occuiied so eaily that 
collapse and shock were almost initial symptoms 

In this small group of cases, eveiy patient age 50 01 less (except oui Case 
I, in his second attack) suffeied luptuie of the hematoma and hemoperi- 
toneum 

Some degree of tenderness was usual, hut muscle spasm appears to have 
vaiied fiom none at all to hoaid-like rigidity whether or not hematomata had 
ruptuied 

In the hematoma stage, a mass was felt in but two cases, and in one of 
these (oui Case 3) not until three or foui weeks after subsidence of 
symptoms 

Operation was perfoimed for 17 of 22 hemorrhages (in 21 patients), 
with mortality of five (30 pei cent) , two were diagnosed clinically and 
recovered without operation (our Cases i and 3) , three weie diagnosed 
only at neciopsy Total moitality of the repoited cases was, therefore, 37 
per cent Howevei, some of the cases contiibuting to this high mortality 
were in advanced stages of cai diovasculai disease, one or two alieady in 
hospital with hemiplegia or essential hypertension , and in some of these, the 
abdominal hemoirhage was doubtless only a teiminal incident rather than a 
major factor m fatality 


SUMMARY 

(1) Four new instances (m three patients) aie added to 18 pieviously 
leported cases of mesenteric apoplexy 

(2) A clinical syndrome is described of signs and symptoms correlated 
with the progi essive stages of hemoi rhage Usually in the presence of vascular 
deterioi ation, with or without injuiy or moie or less strain or exertion, there 
occuis dull, “diagging,” “pulling” or “teaiing,” often severe, persistent and 
inci easing abdominal pain — the pain of peritoneal tension — later gradually 
subsiding but often recuinng with renewal of hemorrhage, exacerbated by 
eating or by vomiting or cathaisis, with leukocytosis and, if time permits, 
diop in red count and hemoglobin, and, finally, if the hematoma ruptuies, 
sudden, severe pain, with shock and collapse 

(3) In two instances, we believe the clinical diagnosis was justified, 
although this was not confirmed because of lecoveiy without operation 

(4) One patient suffeied lecuirence two yeais after the initial episode 
This appeals to be the fiist such case lepoited 

(5) Treatment is discussed, and it is suggested that decision for or 
against suigical intervention should depend upon the apparent rate of bleed- 
ing 01 the occurrence of eaily rupture into the abdominal cavity 

Since this paper was submitted, an additional case has been reported as intra- 
abdominal apoplexy, though no source of bleeding was demonstrated on extensive 
exploration (Berk, J E, Rothschild, N S, and Doane, J C Intra-abdominal Apo- 
plexy Annals of Surgery, 113, 513-520, April, 1941) 
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Discussion — Dr Richard H Miiler (Boston) This verj informatne presentation 
serves to call our attention to a condition which I think can hardlj be as rare as Doctor 
Kilgore has stated I believe cases haie occurred more frequentlj, but thei have failed 
to arouse the interest of the profession enough to lead them to record them in the literature 
It is extraordinary, when you come to think of it, that only about 20 cases have been noted 
The syndrome which Doctors Kilgore and Cushman have noted is indeed worthy 
of our consideration, and we ought to bear it in mind whenever we are called in to study 
a doubtful acute abdominal case Their third patient was one in vhom they did not 
definitely prove the diagnosis by operation, and one, on reading the paper, is tempted to 
say “Well, perhaps it might have been something else ’’ But on further studj% one is 
convinced, from one’s own reasoning, that that is what truly obtained, and one can but 
commend them for making the diagnosis and, once having made it, for adhering to it and 
carrying out a policy of conservative treatment, ivhen it would have been perfectlj justi- 
fiable, and easier, to have performed an exploratorj' operation 

When you group all these cases together and study them, it is at once evident that 
the picture is not entirely a clear-cut one, because several of these patients did not show 
evidence of any vascular disease, and it is difficult, in view of their comparative youth, 
to explain the etiologic factors invohed I think it is important that such cases, as may 
be met, be reported and studied more carefully in the future 

There are two cases which I will mention, with the greatest brevity The first is 
one that we had 111 the Massachusetts General Hospital not long ago, operated upon by 
Dr Arthur Allen A woman, age 59, wnth a normal blood pressure, who, following a 
bad cold accompanied by severe coughing, began to have pain m the left lower quadrant 
of the abdomen A careful study failed to reveal the exact diagnosis The pain was 
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characteristic of that of smooth muscle contraction, not of peritonitis She was finally 
operated upon, and as soon as the anesthetic was administered, it became obvious that a 
vague mass, which had previously been felt in the abdomen, was in the abdominal wall, 
and the lesion proved to be a spontaneous rupture of the deep left epigastric artery, with 
a large hematoma 

The other case is one which is not positively proved, but is extremely interesting, 
and I believe to have been an instance of this condition A man, age 45, with a systolic 
blood pressure of 250, was operated upon by myself, at his request, for hernia The 
operation was uneventful, and there was no trouble until five weeks postoperative, when 
he was seized with a vague attack of acute abdominal pain, with nausea and vomiting, 
but no obstruction, no definite tenderness, and no palpable tumor He continued to have 
symptoms for seven days, during five of which he passed frequent stools containing blood 
which was partiallv changed, neither tarry nor bright red, but of a purple tinge There 
was considerable argument as to whether he should be operated upon again, the feeling 
being that probably he had a very small mesenteric thrombosis 

He recovered without opeiation His condition of arteriosclerosis became progres- 
sively worse, and at the end of six months he died Autopsy revealed, about half-way up 
the ileum, the scar of a recent ulcer surrounded by scar tissue, and it is my belief that 
he had what was not a mesenteric thrombosis, but a ruptuie of an artery, with the 
formation of a small hematoma, interference with the circulation, ulceration of the mucous 
membrane of the ileum, and hemorrhage 

Dr Dallas R Phemistcr (Chicago) I only wish to point out that in hemorrhagic 
pancreatitis there may be not only an hematoma about the pancreas but an enormous 
hematoma extending down into the mesentery, producing precisely the clinical picture 
cited by Doctor Kilgore 
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BY OBSTRUCTIVE LESIONS OF THE CYSTIC DUCT* 
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inOM Tlir DU \nTMFNT>i Ol SDnOFtll AND PATIIOLOOI, D ACTFIIIOI OCI \ND I UDUC HEALTH 
usnfciism OF nuNoib coeefof oi midicisf, cincico lu 

It has long been kno^\ a that complete obsti uction of the cystic duct i esults 
in definite pathologic changes such as hydrops and empyema, which are 
associated with a vaiiable degiee of inflammation of the wall of the gall- 
bladder and give use to ceitain symptoms It has not been conceded that 
partial obsti uction of the c^'sttc duct would lesult in definite pathologic 
changes oi symptoms However, as long ago as 1921, Schmieden and 
Rhode, ^ and Seelig- called attention to this possibility Little has been done 
since then to foster the idea In 1938, Cole and Rossiter^ called attention 
again to the possible lelationship of obstructive lesions of the cystic duct to 
inflammation of the gallbladder This woik was instigated by the observation 
of the high incidence of obsti uctive lesions in the cystic duct of gallbladders 
removed in the operating 100m 

In support of the assumption that partial obstruction of the cystic duct 
exists and may result in pathologic changes, one might mention the fact that 
partial obstruction 111 practically all tubular structures of the body including 
intestines, ureter, uiethia, bronchus, etc, almost always leads to symptoms 
or pathologic lesions, or both Since the function of the cystic duct is to 
conduct bile from the common duct to the gallbladder, why should not an 
obstruction here be fanly common and likewise produce a pathologic 
condition ^ 

Although vaiious types of obstructive lesions of the cystic duct including 
anomalous valves of Heister, stenosis, kinking, etc , are found, it is somewhat 
difficult to determine the exact importance of these lesions, chiefly because it 
is frequently difficult to tell how much obstruction is produced by a given 
lesion However, careful examination of the cystic duct of gallbladders 
lemoved for cholecystitis will show remaikably few normal ducts, particu- 
larly if the duct has been 1 emoved close to the common duct 

The incidence of anomalies in this aiea is well exemplified by the study 
of Flint, ^ who noted that in 200 cadavers an anomalous condition of the 
cystic artery, bile ducts, hepatic artery, and gasti oduodenal artery existed in 
65 per cent of the cases In a study of 194 cadavers, Lurje^ found an 
anomalous arrangement of cystic duct alone m 53 per cent of specimens 
examined These two studies contain observations only on the anatomic 
position of the stiuctures, and make no mention of anomalies inside the duct. 

Aided by a grant from the Graduate School of the University of Illinois 

Read before the American Surgical Association, White Sulphur Springs, W Va 
April 28, 1941 
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jet it seems likely that a laige propoition of the lesions desciibed by them 
would lesult 111 paitial obstiuction 

B)!' pioducing obstiuctive lesions of the cystic duct, aftei methods to be 
desciibed piesently, we obtained changes in the gallbladdei identical to 
chionic cholecystitis in the human, in piactically lOO per cent of the cases 
These changes, howevei, were minimal foi thiee oi foui months, and did 
not become maiked until eight oi ten months had passed since production 
of the obstruction Although we did not conduct expeiinients to explain the 
mechanism of the production of the lesion, cei tain possibilities seem appai ent 
We initially tiied to produce a lesion which might have a valvular action, 
thereby allowing bile to entei the cystic duct more readily than get out We 
found, howevei, that the lesion m the fundus was pioduced regardless of 
whether or not the obstructive lesion was of such a nature as to produce a 
vahmlar action Concentiation of the bile in the gallbladdei (seven or eight 
times under normal circumstances) lesults in a definite inciease in viscosity 
Since the lumen of the cystic duct alieady is i datively small for the tians- 
mission of a viscid fluid, the mciease m viscosity would obviously exert a 
lather marked influence m retardation of the exit of the bile into the common 
duct It seems logical to us that this chronic paitial obstruction would result 
in an overconcentration of bile, thereby exposing the mucous membrane to 
a fluid which might be damaging to it 

This theory of chemical cholecystitis is not as yet generally accepted, but 
is lapidly gaming momentum It was oiiginated several years ago by 
Denton® and Femblatt'’' One of the features impressing Femblatt with the 
fallacy of infection as the piimaiy lesion was the fact that in 20 cases of 
empyema of the gallbladder he found the contents to consist for the most 
pait of cholesterol and debris, and yielded a positive culture in only 40 per 
cent of the cases This idea has been piomoted to a greater extent by 
Andrews and associates ® They noted that if bile, concentiated to no more 
than one-half its volume, weie injected into a dog’s gallbladder a severe 
cholecystitis invariably lesulted, and concluded that the changes obtained 
were primarily chemical These changes have been reproduced by Womack 
and Bricker,® who concluded that the pathologic lesion 1 esulting from 
exposure of the gallbladder mucosa to a bile concentrated no more than twice 
normal, was identical to chronic cholecystitis of human beings This idea is 
being accepted by more and moie investigators, and is the basic factor behind 
the fact that cholecystectomy can be performed for acute cholecystitis with 
only rare development of peritonitis and with a very low mortality rate 
The relatively low incidence of positive cultures of bile and gallbladder 
wall from gallbladders removed at operation cannot be considered data sup- 
porting the infectious etiologj^ of cholecystitis in the human being, at least 
not m all instances Judd and associates^® found a positive culture m the 
bile m 14 per cent of cases of cholecystitis, and a positive cultuie in the 
gallbladder wall in 49 cent These figures represent a fair average of 
the various reports available In a summary of reports assembled by Walters 
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and SnelV^ slieptococci and B coli wete found with about the same fre- 
quency In acute cholecystitis, the percentage of positive cultuies will be 
slightly highei 

Although these expeiiinents weie not concerned with the production of 
gallstones, we found stones in the gallbladder of one animal, and huge deposits 
of soft tariy material in the gallbladder of another animal, both of which had 
had a paitial obstiuction of the cystic duct for about two years The experi- 
mental woik of Phemistei and associates,’- showing that the deposition of 
calcium as stones, or on stones m the gallbladdei is dependent upon the 
degiee of obstiuction of the cystic duct, supports to a certain extent our 
theoiy that partial obstruction will produce pathologic changes The rela- 
tionship between complete obstruction of the cystic duct (by stone) and 
cholec3''stitis has been discussed adequately by these authors and need not 
be cited here 

The most obvious explanation of pioduction of chronic cholecystitis by 
chionic obstruction of the cystic duct as noted m our experiments, would 
appeal to he m the production of a chemical cholecystitis (similar to that 
desciibed above) followed later by a superimposed infection in many cases 
This h3'pothesis does not conflict with the method of infection by lymphatic 
channels as brought out by Graham’^ maity yeais ago In fact, it is our 
assumption that m oui animals, the infection, as found in 30 per cent of 
chronically inflamed gallbladdei s, took place by such a mechanism That 
piinciple IS, theiefore, needed to explain part of the findings in our work 

Methods of Expo wientation — ^Three different methods of pioducing a 
partial obstruction of the cystic duct weie utilized (1) A small flap of gall- 
bladder wall was outlined in the neck of the gallbladder (Fig i), the flap 
turned into the lumen of the organ and the opening closed We thought this 
flap might lemain as a mobile piece of gallbladder wall obstructing the C3'stic 
duct because of its position diiectly over the opening However, we dis- 
covered that as the lesion healed the flap became rounded and developed 
into a pear-shaped nodule (Fig i) If the flap were made m the proper 
position at the junction of the neck of the gallbladder and opening of the 
cystic duct, it would protrude against the opposite wall of the neck of the 
gallbladder producing an obvious partial obstruction of the valvular type 
because of its position on the gallbladder side of the cystic duct After two 
or three trials we found it was not difficult to place this flap at the proper 
position Control flaps weie made m the dome of several dogs to eliminate 
the possibility that simple incision thiough the gallbladder wall might produce 
a lesion which would spread throughout the entire gallbladder We noted 
a definite thickening of the gallbladder wall surrounding the site of the 
control flap in the dome, but m no instance did this fibrous tissue extend 
further than i or i 5 cm beyond the operative site * 

* Attention is called to the universal temporary diffuse reaction consisting primarily 
of edema in the wall following even trivial injuries of the gallbladder wall , however, 
this injury in our experience heals without residue if inflicted in the dome of the gall- 
bladder 
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(2) Partial obstiuction of the cystic duct was also produced by taking 
three or four intenupted mattiess sutuies of silk in the neck of the gall- 
bladdei at the maigin of the cystic duct, theieby infolding the wall against 
the opposite side This pioceduie amounts to taking a tuck in the wall, and 
pioduced a paitial obstiuction in three of the foui animals upon which the 
procedure was peifoimed 

(3) The cystic duct was crushed m 
seven animals , thinking that when heal- 
ing took place a stenosis would result 
In spite of the fact that the crushing was 
thought to have been thoiough we noted, 
to our amazement, that the injuiy healed 
in about half of the animals without any 
obvious residual lesion This method 
was, therefore, consideied unreliable, at 
least in our hands, for the pioduction of 
an obstiuction Perhaps the ciushing 
was not sufficiently complete 

Results of Expeuments — All to- 
gether, 36 animals were used Two of 
these died a few days postopei atively, 
and two represent eirors in technic, inso- 
far as our attempt to produce a partial 
obstruction actually resulted in a total 
obstruction These animals with total ob- 
struction of the cystic duct showed a small 
shriveled gallbladder, as observed at a 
later date, containing no bile, but natui- 
ally showed evidence of inflammation 
These four animals, therefore, had to be 
discarded 

Of the remaining 32 animals, nine had the operation consisting of pro- 
duction of a flap in the neck of the gallliladdei at the junction with the cystic 
duct These dogs were saciificed at various intervals ranging from two to 
24 months following the operation (Table I) One animal was sacrificed at 
two months, and practically all the lemaming had operations at three months 
(but were not killed) to obseive any gross changes present None of the 
animals in any senes showed any gross change (except edema) at operation 
or at autopsy, when the obstruction was produced less than four months 
previously On several occasions, when obseivations weie obtained a few 
days or a few weeks following opeiation, edema was noted, regaidless of 
the type of opeiation, as pieviously discussed Of the nine animals having 
flaps pioduced at the neck of the gallbladdei, one was sacrificed at two 
months, too early foi development of change, and thereby actually served 
as a control Table I reveals that of the remaining eight, all except one 
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1 iG I — The most effectne of the three 
methods tried for production of paitial oh 
btruction of the cjstic duct A A flap is 
outlined in the neck of the gallbladder, and 
IS turned in uith closure of the defect as 
shown in B and C Usually the flap becomes 
rounded as depicted in D, but frequently 
disappears leaaing a densely scarred area 
with obstruction at the proximal opening of 
the duct 
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Note that chronic cholecystitis was produced only in the animals m which an obstruction of the cystic 
duct was produced chronic cholecystitis was produced in every gallbladder when the cystic duct w as obstructed 
The procedure of turning in a flap of gallbladder wall at the neck of the gallbladder was the most effective 


showed marked change of the type similar oi identical to chionic cholecystitis 
as seen m human beings The maximum thickness of the gallbladder, as 
measured microscopically on the sections, was 5 5 times noimal The average 
thickness of the eight gallbladders was slightly less than thiee and one-half 
times normal It should be stated that the sections lemoved for microscopic 
study weie remo\ed fiom the fundus, as far as possible from the operative 
site At postmortem, the gallbladder, m all instances except one (when no 
obstiuction was pioduced), had lost its bluish color, presented a grayish- 
biick-ied coloi, and had an obvious thickening of the wall There were 
numerous adhesions of the omentum to the gallbladdei m almost all cases 
One of the eight gallbladdei s contained definite, firm stones An additional 
one contained thick desiccated bile which was lumpy, indicating that stone 
formation was beginning This animal had had an obstruction produced only 
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SIX months pieviously, suggesting that an additional length of time might 
have shown more definite stone formation 

The microscopic change consisted primal ily of fibrosis afifectmg the wall 
of the gallbladder This fibrosis was located piimarily in the nuisculaiis and 
111 the aieolai tissue between the muscularis and seiosa Edema was found 
on numeious occasions regaidless of the length of time since production of 
the obstruction There was an mfiltiation of lymphocytes m all gallbladders 
showing significant change This infiltration was diffuse but most marked 
111 the submucosa On numerous occasions the mucosa was gone Realizing 
that the gallbladdei mucosa can leadily be lost during the process of fixation 
and staining, not a great deal of impoitance can be attached to this featuie 
Howevei, it is significant that there ivas no loss of mucosa in any of the 
gallbladders showing no gross pathologic change It is noted, therefore. 



junction of the cystic duct and neck of the gallbladder, 7 and 19 
months pre\iously, respectively C Produced by infolding the wall 
of the gallbladder just above the cystic duct, 12 months previously 
D Produced b\ crushing the neck of the gallbladder and cystic 
duct, 17 months previously 

that seven of the eight gallbladders in this series showed very definite and 
pronounced evidence of chronic cholecystitis The case showing no chole- 
cystitis (Dog No 4) revealed no evidence of obstruction at the junction of 
the cystic duct where the operation had supposedly been performed, neither 
was there any stenosis In view of the fact that we could not find any 
changes at the opeiative site, the question was even raised as to whether or 
not there was an erroi in numbering the animals AVe, however, classified 
this as an operative failure, but it does not influence the incidence of chronic 
cholecystitis in animals with partial obstruction of the cystic duct produced 
by this method, since all seven animals with obstruction of the duct showed 
a definite and fairly severe grade of chionic cholecystitis 

In four animals, an obstruction was produced at the junction of the 
cystic duct and neck of the gallbladder by taking a tuck at that point This 
tuck, which was produced by mattress sutures, obviously resulted m an 
infolding of the wall into the lumen just above the cystic duct Of these 
foul animals (Table I), only twm demonstrated definite pathologic changes 
The other twm show^ed only very slight pathologic change, examination of 
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the duct le^ealed that only a very slight iidge oi infolding of tissue remained 
One of these animals was sacrificed at the end of four months, but in view 
of the mild oi doubtful obstiuction pioduced, we would not expect much 
inci ease m the pathologic change even though many more months had elapsed 
In seven animals, the cystic duct was crushed at seveial areas with an 
arteiy foicep Examination of the cystic duct revealed the fact that m only 
thiee animals -was a stenosis pioduced by the ciushing, m only these three 
was a definite cholecystitis pioduced One of these gallbladders was tbe 
seat of a maiked cholesterosis One of the remaining four animals (Dog 
No 20) was killed in a fight on his ninth postoperative day As expected, 
the gallbladder wall shoAved edema and was moderately thickened, but the 
animal must be discai ded because of inadequate time-interval since operation 
In other woids, this piocedure resulted in positive results in only one-half 
of the cases, primarily because with the type of crushing performed we were 
unable to produce a stenosis oi obstruction of any type, in half the cases 
In six animals, the cystic artery along AMth adjacent lymphatic ducts 
Avas ligated, to determine Avhethei oi not obstruction of the blood supply 
with adjacent lymph vessels Avould produce cholecystitis In none of the six 
animals was there the slightest change noted in the gallbladder Avail The 
time interval since opeiation varied from foui to 19 months (Table I) It 
should be stated, hoAvevei, that this procedure aviU lesult in production of a 
significant edema several days after opeiation, but this edema disappears in 
seveial days or a feAv Aveeks leaving a normal gallbladdei Avail 

One animal (Dog No 27) had a flap turned in at the junction of the 
middle and lower third of the gallbladder This animal really serves as a 
control since no obstruction Avas produced No changes other than those Avhich 
might be secondaiy to a celiotomy Avere noted in tins animal 

In five animals, control flaps weie made m the dome of the gallbladder 
The time-interval since opeiation varied fiom four to ii months In no 
instance Avas there any gross change or thickness of the gallbladder Avail, ex- 
cept at the exact site of the operation, as noted at microscopic examination 
These animals seive as controls, paiticularly foi the ones having a flap turned 
in at the neck of the gallbladder 

Cultures were taken on the gallbladders of 22 animals In ten of these 
animals, a definite obstiuction had been produced AVith resultant pathologic 
changes m the gallbladder wall identical to chiomc cholecystitis in the human 
being The culture Avas positive in three instances, resulting in positive 
cultures m 30 per cent of the cases shoAving cholecystitis All three of these 
positive cultuies Avere obtained m the animals having had an obstruction 
produced by turning in a flap just above the cystic duct, thereby supporting 
the information already obtained that obstruction pioduced by a flap at the 
cystic duct was the most effective of the three methods tried In tAvo instances 
(Dogs Nos I and 5) anaerobic streptococci Avere isolated from the gall- 
bladder wall and bile In one of these it Avas an alpha hemolytic stiepto- 
coccus and m the other a beta hemolytic streptococcus In Dog No 3 a 
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Staphylococcus alhns and an alpha streptococcus weie isolated from the 
gallbladder wall and the bile The staphylococcus was present as a heavy 
grovth (12,000 per cc of bile), and the streptococcus almost as heavy 



A B C. 


Fig 3 — Photograph of three gallbladders A Control Plap made in dome 1 1 months 
previoush No gross or microscopic change noted except at the operatne site (Fig 4) 
B Partial obstruction of c>stic duct produced by inversion of a flap at the neck of the gall 
bladder 24 months previously The small probe m the cystic duct reveals how the irregularly 
shaped nodule at the site of the flap compresses the opening of the duct Note thickness of 
gallbladder wall as compared to the control C Partial obstruction produced by flap turned 
in at the neck of the gallbladder, 24 months pre\tousl> The flap disappeared, but a diffuse 
scar uith severe contraction and consequent obstruction remained Note the thickening of the 
gallbladder wall, a photomicrograph of which is shown in Figure 6 


(10,800 per CC of bile) On one othei occasion (Dog No i6) a few staphy- 
lococci were found, but were considered to be contamination This incidence 
of 30 per cent positive cultures in the bile and wall of the gallbladders in 
which chronic cholecystitis was produced, compares favorably with the inci- 
dence of positive cultures in chronic cholecystitis in the human being It 
seems particularly significant that in all gallbladders without obstruction in 
which cultuies were taken (12 m number), all were negative Of these 12, 
five were controls 

Comment — It is well known that operative procedures on the gall- 
bladder, even though of minimal degree, result in subacute cholecystitis m a 
remarkably high percentage of cases Edema is the important pathologic 
manifestation of this process However, this temporary inflammation appar- 
ently disappears in several days or a few weeks We encountered it in some 
of our cases a few days following operation, but when the animal was sacri- 
ficed months later no evidence of cholecystitis remained except when obstruc- 
tion incident to our operative procedures existed We resorted to three 
methods of producing obstruction at the cystic duct (i) Flap in the neck 
of the gallbladder overlying the entrance to the cystic duct, (2) infolding 
of the neck of the gallbladder (tuck) , (3) crushing of the cystic duct with 
the hope that a stenosis would be produced In every gallbladder, in which 
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a definite obstuiction of the cystic duct was produced (12 in number), a 
pionounced cholecystitis with thickening of the wall by fibiosis, and lympho- 
cytic infiltration was ohseived Of the thiee methods utilized for producing 
an ohstiuction of the cystic duct, the fiist one named (flap at neck) was the 



Tig 4 — Low power photomicrognpli of control gallbladder 
(same as tig tA) in winch a flap was turned in on the dome 
1 1 months pre\ loush no obstruction was produced at the cj Stic 
duct Ihere are no pathologic microscopic changes (X65) 



Fig 5 — Low power photoiiuci ograph of dome of gallbladder 
in which a flap was turned in at the neck 24 months preaiously 
producing a partial obstruction of the cystic duct According to 
measurements made on the slides micioscopicallj the wall was fi\e 
and one half times thicker than the control illustrated in Figure 4 
A dense deposition of fibrous tissue may be noted in the submucosa 
and muscularis The tissue external to this represents edematous 
granulation tissue in various stages of resolution Lymphocytic 
infiltration is diffuse but polymorphonuclear cells are uncommon 
(X6s) 

most effective, failing to produce an obstruction in only one instance (88 
per cent successful) The second and thud methods just described were 
successful m producing obstruction in 50 and 43 per cent, respectively As 
stated, without exception the failures in production of cholecystitis occurred 
m the gallbladdeis m which the opeiative proceduie failed to pioduce an 
obstruction at the opening of the cystic duct 
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To piove that distui banco of the blood supply, as would result from our 
operative proceduies at the neck of the gallbladder, was not responsible for 
the cholecystitis, we ligated the cystic arteiy and adjacent lymphatic ducts in 
SIX animals Although a temporary edema with gross thickening of the wall 
of the gallbladder results from such a pioceduie, complete lecovery takes 



Fig 6 — Low power photomicrograph of dome of gallbladder 
A flap was turned m at the junction of the cystic duct and neck 
of the gallbladder, 24 months previouslj, resulting in a stenosis 
of the cystic duct (same gallbladder as m Fig 3C) Chronic 
cholecystitis was produced The wall is four and one half times as 
thick as the control shown in Figure 4 The microscopic changes 
are the same as in Figure s, however, two stones were found in 
the gallliladder lumen (X6s) 



Fig 7 — Moderately high power of gallbladder wall shown in Figure 6 The field 
depicted is between the muscularis and submucosa ISote the area of bmphocytic 
infiltration (L) near the mucosa, and the dense connectue tissue (C) deeper in the 
wall The miscroscopic picture is identical to that seen in a serere grade of chronic 
cholecystitis in the human being 


place, when these animals weie sacrificed at inteivals of four to 19 months 
following opeiation (Table I), not a single one exhibited evidence of chole- 
cystitis Moreovei, contiol flaps weie made in the dome of the gallbladder 
m five animals In none of these uas theie evidence of cholecystitis at the 
time they weie sacrificed, between four and ii months following operation 
It IS obvious, then, that production of an obstruction at the neck of the gall- 
bladdei at the entrance of the cystic duct is the piimary factor m the produc- 
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lion of the cholecystitis obtained As noted in Figure i, the flap changes 
maikedly in shape, it usually becomes pear-shaped and consists entirely of 
a fibrous nodule, which projects inward ovei the opening of the cystic duct 
Such a lesion would appeal to interfere moie with emptying of the organ 
than with its filling The degiee of cholecystitis produced was only slightly 
moie pionounced than in gallbladders in which obstiuction to the duct had 
been produced by othei means 

As previously intimated, it is our assumption that this chionic inflamma- 
tion IS pioduced by exposure of the gallbladder mucosa to bile -which is 
oveily concentiated because of the chionic obstruction at the cystic duct 
Attention has already been called to the fact that injection of gallbladder 
bile concentiated to twice noimal (Andiews, Womack, and Biicker) will 
produce an acute cholecystitis, sometimes gangienous in type Piesumably, 
the concentiation in a paitially obstructed gallbladder does not appioach 
twice normal concentiation, otherwuse, we would have encountered acute 
cholecystitis peihaps with gangrene It would appeal that exposure of the 
gallbladder lumen ovei a period of months, to a bile concentrated slightly 
beyond noimal might result in a chionic inflammation 

The incidence of positive cultures in the gallbladders with partial obstruc- 
tion of the cystic duct showung cholecystic changes was 30 per cent This 
corresponds closely with the incidence of positive cultures obtained in the 
wall of infected gallbladdeis of human beings It is our contention that the 
organisms found in these specimens represented a secondaiy infection 
implanted on a chemical cholecystitis 


Table II 

LESIONS -n HICK MAI BE RESPONSIBLE FOR PARTIAL OBSTRLCTION 
or THE CTSTIC DUCT* 

(1) Congenital or inflammatory lesions involving valves of Heister 

(a) Valve like anomalies 

(b) Fibrous strands 

(c) Local deposition (nodules) of fibrous tissue 

(d) Stncture due to scar 

(2) Congenital or inflammatory twists or kinks 

(3) Stenosis produced by a thickened wall 

(a) Due to acute inflammation 

(b) Due to diffuse fibrosis 

(4) Stenosis produced by surrounding adhesions 

(5) Stone in the duct 

( 6 ) Tension induced by enlarged liver 

(7) Compression or filling defect due to tumor or lymph nodes 

( 8 ) Obstruction due to anomalous hepatic or cystic artery 

* The authors are of the opinion that the first four types of ob 
struction would be the most important (from the standpoint of fre 
quency) in the production of chronic cholecystitis by the mechanism 
herein suggested 


We do not iiifei that this mechanism of pioduction of cholecystitis by 
partial obstruction of the cystic duct takes place in eveiy instance of chole- 
cystitis Howevei, the ease with which it is produced in animals, and the 
frequency of anomalous obstiuctive lesions in the cystic duct of gallbladders 
removed at operation, lead us to believe that it is a very fiequent mechanism 
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m the production of chi onic cholecystitis In a study of incidence of obstruc- 
tive lesions of the cystic duct in humans (not yet published) Jensik^^ has 
found them much more fi equent in diseased gallbladdei s i emoved at operation 
than in noimal gallbladdei s as removed at autopsy 

As pieviously stated, this hypothesis does not contradict the infective 
theoiy of lymphatic transmission as suggested by Grabam many years ago 
In fact, the infective theoiy is necessaiy to explain part of the findings in 
our expel iinents, insofai as the infection (positive cultuie) found m 30 per 
cent of the gallbladders with cholecystitis, in our experiments, was most 
likely explained by transmission fiom the livei through the lymphatics 

The fact that obstiuction of the common duct by a lesion such as carci- 
noma of the pancreas does not give use to cholecystitis, would at first appear 
to contradict the theoiy of oiigm of cholecystitis fiom paitial obstiuction of 
the cystic duct, as heiein discussed However, this apparent discrepancy 
can be explained leadily It has long been known and pioved that almost 
immediately aftei an obstiuction of the common duct is produced, the excre- 
tion of bile salts by the hvei deci eases to very low values In that case, 
there would not be sufficient bile salts 111 the biliary tree to lesult in ovei- 
concenti ation in the gallbladder, chemical damage to the gallbladder wall 
from that source would, theiefore, be impossible The fact that obstruction 
of the common duct by lesions such as carcinoma of the pancreas does not 
instigate the development of cholecystitis, in reality, then supports the theory 
of oiigin fiom paitial obstiuction of the cystic duct 

Anothei peculiar feature of gallbladder disease, which might appear to be 
inconsistent with the theory herein presented, is the fact that cholecystitis is, 
111 reality, a disease of adults The question might be asked — if partial obstruc- 
tion of the cystic duct such as produced by kinks, anomalous valves, etc , 
aie important in the pathogenesis of cholecystitis, why should the disease 
not be more common in childhood, since many of the obstructive lesions 
mentioned aie congenital in origin? This question might be answered m 
many ways In the first place, theie are innumerable diseases which are 
much more common 111 late adult life than m childhood, when the etiologic 
factors p} eswnahly exist to the same extent m childhood as m late adult life 
Among these may be mentioned cholelithiasis, arteriosclerosis, hepatic cir- 
rhosis, carcinoma, and many otheis The truth is that there, obviously, are 
reasons (chiefly physiologic) m all instances foi the vaiiation in incidence 
of cholecystitis m the various age-groups An important reason for the 
infrequency of chronic cholecystitis in childhood may be contained in the 
possibility that there may be sufficient differences m the latio of one bile 
salt to anothei m childien, ve) sus that m adults, to account for a different 
chemical action After all, bile salts may not be the all-important factor in 
the pioduction of chemical cholecystitis, the toxic action may be due to an 
allied salt, minute in quantity, which is not present noimally until late in 
life Perhaps the mucosa of the gallbladder in children is more resistant to 
injury or more impeimeable to bile salts 
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Anothei explanation may he m the fact tliat although many lesions exist 
at birth they do not become obstiuctive to a damaging degiee until they aie 
actuall)’^ inci eased in mass by the numeiotis assaults, fiom the wear and tear 
of time, which might giadually increase the amount of fibious tissue and, 
theiefore, the size Anatomically, the tissue about the common duct and 
teimmal end of the cystic duct contains many lymphatic channels communi- 
cating betw een the liver and celiac l3miph nodes, and, perhaps, some draining 
diiectty fiom the intestine It is well known that the hvei is at all times 
being exposed to oiganisms brought to it from the intestinal tract by the 
poital vein At frequent inteivals, dining attacks of hepatitis of bacterial 
origin some organisms no doubt spill over into the lymph ducts It seems 
possible that the lesultant lymphangitis would lesiilt m scar formation suffi- 
cient m some instances to pioduce paitial obstiuction of the cystic duct, but 
only aftei repeated episodes made possible by many years of life It is, of 
couise, well known that m general, chionic cholecystitis is insidious and 
veiy slow m development (shoMii also in our expeiiments) This fact in 
itself IS important m explaining the infiequency of chionic cholec3'stitis in 
childhood 


SUMMARY 

Three diffeient mechanisms of producing paitial obstiuction of the cystic 
duct have been devised (i) Turning m a flap of gallbladdei wall at the 
neck of the organ, (2) infolding of the wall at the neck by mattiess sutures 
(tuck) , and (3) ciushing of the cystic duct In every instance when a 
definite obstiuction at the cystic duct was pioduced, a severe giade of chronic 
cholecystitis consisting of fibiosis, lymphoc3'tic infiltration, etc , similar or 
identical to that seen in human beings, was piodiiced However, the develop- 
ment IS so slow that even minimum changes are not demonstrable until four 
to six months have elapsed since pioduction of the lesion IMaximum efiects 
are not noted until at least two 3'ears have elapsed since production of the 
obstruction Gallstones were pioduced on tvo occasions 

No expeiiments weie undertaken to demonstiate the mechanism of pro- 
duction of the cholecystitis, but it is assumed that the obstruction lesults in 
an overconcentiation of bile salts and othei chemical constituents of the bile, 
which, in tuin, exert a damaging effect on the mucosa of the gallbladdei 
through toxic chemical action Infection appears to be a late event, and, 
presumably, is secondarily imposed upon the damaged gallbladder wall In 
only 30 per cent of cases of expei imentally produced cholecystitis was culture 
of the gallbladdei wall and bile positive 

The first method mentioned, i c , turning in a flap of the neck of the gall- 
bladder just above the opening of the cystic duct was by far the most effective 
technic m producing a partial obstiuction — failing in onl3'^ one instance 
Controls consisting of infolding of a flap of gallbladder wall 111 the dome of 
the gallbladder, and ligation of the cystic artery, with accompanying lym- 
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phatics, did not lesult in pathologic changes in the wall beyond temporal y 
edema (except at the immediate site of opeiation) m a single instance 
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Discussion — Dr Dallas B Phfjiister (Chicago, 111) Doctor Cole has brought 
out the fact that there are many cases of gallbladder disease in which there is obstruction 
of the cystic duct, which are not due to a stone impacted in the duct Now, the degree 
of obstruction in these cases is extremely variable It ma% be slight, or it may be so 
extreme that no bile enters the gallbladder In fact, ever}" so often ve encounter a 
mucocele of the appendage, in which there is no stone either in the gallbladder or in the 
cystic duct 

An illustration shows a patient who had mild S3'mptoms for about nine months, 
and cholecytography showed nonvisualization of the gallbladder When the gallbladder 
was removed and cut open, thick mucus welled out There were only a few flecks of 
pigment in it, and no sign of a stone There was a chronic cholecystitis and also a 
chronic inflammation of the excised stump of cystic duct of somewhat comparable degree 
This cjstic duct obstruction from noncalculus processes may cause a variation in 
the cholesterol, calcium and pigment contents of stones that form in the gallbladder, 
and, in general, the greater the degree of obstruction, the greater the likelihood that 
the stones will contain calcium and pigment, also, when the obstruction is of a high 
degree there may be free calcium 111 the gallbladder, as in the case illustrated by these 
lantern slides The gallbladder vas the seat of a mucocele, and, in addition, contained 
cholesterol-pigment stones and roentgenogram of an excised gallbladder in which there 
vas no separate particles casting the heavj shadows of calcium carbonate The cystic 
duct was the seat of a chronic obstructive cholangitis and free from stone 
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Now, I have assumed the patliogenesis of these cases to be eitlier a chronic cholecjs- 
titis, with extension of the infection to the cystic duct, or damage of the duct by passage 
through It of stones from the gallbladder However, it is quite possible that Doctor Cole’s 
explanation is correct, and that, m some cases, there are othci factors that are responsible 
for duct obstruction 

Dr Nathan A Womack (St Louis, Mo) For a long time, the association 
between complete obstruction of the cjstic duct and acute cholecj stitis has been recog- 
nized Doctor Cole and his colleagues have now shown defimteh the relationship between 
partial cystic duct occlusion and chronic cholecj stitis One cannot easilj find fault with 
either the experimental or clinical evidence that thev have presented The question that 
must be answered, however, is whj' does the obstruction produce the inflammation 
Ordinarily obstruction produces distention Obstruction produces inflammation onlj 
when the substance obstructed is injurious to tissue 

Recently, in a prehminarj’^ report, Bricker and I presented evidence to show that 
this injurious substance was bile In the experimental animal, if the gallbladder is 
washed free of bile and filled with physiologic salt solution, complete obstruction of the 
cj'stic duct results in mucocele If the cystic duct is ligated without disturbing the bile 
111 the gallbladder, a moderate degree of acute inflammatorj" change appears, mIiicIi 
subsides If, however, concentrated bile is placed in tbe gallbladder, severe inflammatorj 
change is produced, and this seems to be almost in direct proportion to the concentration 
of the bile Where half of the water is removed, gangrene of the gallbladder occurs in 
many instances Various components of bile were studied, namely, cholesterol sodium 
deoxycholate, and sodium gljcocholate and a solution of commercial dried bile, with 
comparable results Inflammatory changes noted were identical to those seen in human 
cholecystitis, and were also similar to the cellular reaction seen when these substances 
are injected subcutaneouslj m the experimental animal 

We feel, therefore, that the etiologj of cholecvstitis is concerned with obstruction and 
imprisonment of bile, which becomes concentrated and, in turn, damages the gallbladder 
and perhaps liver tissue, leaving it susceptible to secondar\ bacterial in\asion 

Dr W H Cole (Chicago, 111 , closing) I have merely one point to add, namelj, to 
emphasize the fact that m these experiments we are dealing onlv with partial obstruction 
of the cystic duct The relationship of complete obstruction of the cystic duct to gallblad- 
der disease is well known In three or four animals we made a technical error and 
produced a complete obstruction of the c\stic duct instead of a partial one, these animals 
were discarded 
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CEREBROSPINAL RHINORRHEA SURGICAL REPAIR OF 
CRANIOSINUS FISTULA^' 

Alfred W Arson, M D 

Rochester, Minn 

FROM THE SECTION OV NFUnOIOGlC SURCPIIY, MATO CLINIC, nOCHESTFIl, MINN 

The failure of a ciaiiiosnius fistula with leakage of cerebrospinal fluid to 
close after the accepted pioceduie of sutuimg the rent in the dura, through a 
unilateral frontal craniotomy, prompted me to develop an operation which 
would efifect permanent closure and cessation of the rhinoirhea 

This leport includes a leview of three cases m which the patients were 
successfully treated by the piesent method f In the fiist case, cerebrospinal 
rhinorrhea occurred in a boy ten years of age, who had sustained a fracture of 
the skull involving both walls of the frontal sinus Rhinorrhea had been 
present foi eight and one-half yeai s In the second case, the patient was a man 
age 43, in whom rhinorrhea developed as the result of a fracture of the skull 
which extended into the cribriform plate of the ethmoid bone The force pro- 
ducing the fiactuie came from a 50-lb weight which was dropped on the vertex 
of the skull, producing a depressed fracture at the point of contact as well as a 
fracture involving the ethmoid Although bloody dischaige fiom his nose 
occurred at the time of injury, drainage of cerebrospinal fluid did not occur 
until SIX months later, at which time he appeared to have a head cold 
Rhinorrhea continued for six months and endui ed until the time of Ins opera- 
tion In the third case, the patient was a woman, age 34, in whom spontaneous 
cerebrospinal rhinoirhea developed and was present foi nine and one-half 
months The cerebiospinal fistula in this case consisted of a communication 
between the meninges through the ethmoid into the nasal cavity Craniotomy 
revealed an opening m the cnbiiform plate thiough which an olfactory nerve 
fiber descended , the opening was much larger than noi mal, being 2 Mm in 
diametei A villus of arachnoid extended through this opening into the eth- 
moid wheie apparently, it had given away, accounting for the leak of ceiebro- 
spinal fluid Normal relationships of the brain, meninges, and anterioi portion 
of the skull are shown in Figuie kt 

Causation — Cerebrospinal rhinoirhea may result from a number of causes, 
the most common of which is skull fracture that extends through the posterior 
wall of the frontal sinus (Fig ih) or the cribriform plate of the ethmoid bone, 
with accompanying tears of the dura and arachnoid " The first evidence of 
rhinoiihea associated with fracture of the skull is the occurrence of a watery, 
bloody discharge fiom the nose In most instances, in my experience, the 
lesions heal with spontaneous 1 emission of the rhinorrhea Persistent rhinor- 

=*■ Read bj title before the meeting of the American Surgical Association, White 
Sulphur Springs, W Va , April 28-30, 1941 

T Three additional cases have been operated with equally as good results 
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rhea or the delayed occunence of rhmorrhea usually is due to considerable 
loss of bone, absoiption of a fragment of bone, or inclusion of the dura and 
arachnoid between fragments of bone which permits escape of cerebrospinal 
fluid into one of the nasal cavities Cerebiospinal rhmorrhea frequently has 
occurred spontaneously, just as it occurred in my third case, and when it does 
occur. It probably is the result of a congenital defect m the ciibnform plate 
which permits extension of an envelope of arachnoid along an olfactory nerve 
fiber till ough the cribriform plate Leakage of cerebrospinal fluid undoubtedly 
IS the result of rupture of the thinned-out aiachnoid and mucous membrane 
According to reviews m hteratuie, precipitation of this type of rhmorrhea 
usually IS the result of coughing oi sneezing during an attack of head cold 
Rhmorihea has accompanied hydrocephalus, and m that particular instance 
leakage of cerebiospmal fluid was the result of inci eased intracranial pressure 
on thinned-out membranes and absoiptive defects of the cnbnfoim plate I 
have also seen the condition afflict two patients suffei mg from pituitary tumor 
The flooi of the sella tuicica had been absoibed, with presumable leakage of 
cei ebrospmal fluid into the sphenoidal sinus I also saw the condition in a 
patient who had a large osteoma of the oibit which had extended through the 
ethmoid into the anteiior fossa Rhmorrhea also has followed the removal 
of nasal polyps The polyps probably were meningoceles that had extended 
thiough the cribriform plate Rhmorrhea also has resulted from craniotomy 
when, in the making of the anteiior margin of the bone flap, the fiontal sinus 
was unintentionally opened 

Symptoms and Stgn ^ — The only sjmiptom that many patients complain of 
IS an annoying, watery discharge of the nose It maj’- be continuous or cease 
for only a few hours before it continues The discharge may appear as drops 
of clear fluid or it may pour out m a stream when the head is tilted m certain 
positions Usually, it appears m one side of the nose and pioduces the sensa- 
tion that IS experienced when the nose is congested In acute injuries of the 
head, it may be difficult to recognize cerebiospmal fluid because it is mixed 
with blood, but when the condition is chronic the fluid is watery and can be 
readily collected and examined chemically Cei ebrospmal fluid is colorless, 
limpid, slightljf VISCOUS, has a specific gravity of i 004 to i 008, and contains 
traces of protein and small quantities of inorganic salt and dextrose The 
lymphocyte count varies fiom five to ten cells per cubic centimeter of fluid If 
theie is doubt about the presence of cerebiospmal fluid m a discharge from the 
nose, the indigo carmine test m which i cc of indigo caimme is introduced into 
the subarachnoid space of the spinal canal bj'^ means of routine spinal punc- 
ture might be employed Since the dye promptly stains the cei ebrospmal fluid 
a bluish-green color will be seen to appear m the nasal discharge within 
about 15 minutes and will continue for two 01 thiee houis, if fluid dischaiging 
from the nose contains cerebrospinal fluid This test is of particular value 
in the differentiation between cerebrospinal ihmoiihea and alleigic and vascu- 
lar rhmorrhea Roentgenologic examination of the skull offeis some aid m the 
diagnosis m cases of recent fracture, but larely is such examination of much 
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assistance in the localization of cei ebi ospinal fistula involving the ethmoid cell 

Meningitis is the seiious complication which may accompany this condition 
It occuis moie often when ihmoiihea lesults fiom fiactuie of the skull than it 
does when ihmorrhea occuis spontaneously, but it is a constant thieat m all 
cases, and especially so when the patient has contracted a nasophai yngeal in- 
fection Foitunately, chemotheiapy has proved of value m combating meningitis 
and also has made it possible to perfoim these extensive operations without fear 
of the development of meningitis 

Consovatwe Treatment — Conservative treatment (nonoperative) often 
has been employed by those who feared to advise or employ the radical pro- 
cedui e designed to close the fistulous tract The ai gument set forth by those 
who advocate consei vative treatment is that they believe it safer not to disturb 
the patient than it would be to hazaid a ladical opeiation Unfortunately, 
there is little to offer in the way of nonopeiative treatment Fox,^ and Fned- 
beig and Galloway® reported two cases in which spontaneous cerebrospinal 
ihinorihea was conti oiled b}^ the application of a 20 per cent solution of silvei 
nitiate Fox identified the opening through the cnbnfoim plate by the use of 
indigo carmine, aftei which he applied the solution of silver nitrate several 
times, with appaient lecoveiy of the patient Friedbeig and Galloway stated 
that they observed the cei ebrospinal fluid entering the nasal cavity at a point 
at which the anteiioi thud poition of the middle turbinated bone joins the 
middle third portion of this turbinate, at which point they applied a 20 pei cent 
solution of silvei mtiate The discharge ceased within 12 days and the patient 
had been fiee of rhmorihea foi 14 months, at the time of the lepoit Con- 
sei vative treatment is of definite value in cases of acute rliinoi rhea accompany- 
ing fiacture of the skull, since a number of the meningeal defects will heal 
spontaneously Teachenor,^® Dandy Can ns, ^ Munro,® and Coleman® have 
advocated surgical repair of the meninges, if ihmorrhea does not disappear 
within four to six days aftei the time of injuiy The appioach emplo3'-ed is a 
tiansfrontal sinus approach, in which the dura is exposed at the point of 
injuiy Teachenor has suggested removal of the posterior wall of the frontal 
smus, along with craniotomy Lesions involving the ethmoid and the over- 
lying meninges have been dealt with more conservatively than this m cases in 
which the condition is acute However, Coleman has emploj’^ed unilateial 
frontal cianiotomy in repair of recently injuied meninges over the ethmoid 
bone It has been my experience that if spontaneous recoveiy from cerebro- 
spinal rhmorrhea is to take place after fractuie of the skull, it may not do so 
for an interval extending fiom a few days to eight weeks, and, therefoie, it 
has been my practice to limit the intake of fluid to i 500 cc per day, in order 
to decrease the output of cerebrospinal fluid, and to administer sulfanilamide 
or sulfathiazole in doses of 60 to 90 gi (4 to 6 Gm ) per da}^, until the con- 
centration of sulfanilamide in the blood registers from 8 to 12 mg per 100 cc 
Also, I have found it advantageous to have the patient '-einain in bed m a semi- 
eiect posture, making sure that the patient sleeps m the same position, since 
this minimizes the flow of cerebrospinal fluid into the nose In the event that 
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conservative measvnes fail to effect spontaneous i emission of the rhinorrhea, 
I should advise the proceduie employed in the treatment of the thiee patients 
to be mentioned herein 

Sujgical Ticatmeiit — Although fiactuies of the skull aie common, a rela- 
tively small gioup develop cerebi ospinal ihinoiihea Coleman leviewed ‘ 940 
cases of head tiauma observed at the Neurosurgical Service, Hospital Division, 
Medical College of Virginia, in 1935-1936, there were 216 fiactuies of the 
skull, with 87 fractures of the base Of the 87 basal fiactures, 15 involved the 
fiontal sinuses , six of these ueie associated with severe, compound, depressed 
fractuies of the frontal vault, and operation was promptly performed for dis- 
infection, debi idement and closure of the dura” His obseivations are siinilai 
to those of others The incidence of ihinorrhea aftei fiactiiie of the skull 
varies from 2 to 5 pei cent In view' of the fact that rhinoiihea sometimes is 
spontaneously cured, I am inclined to w'ait six or eight w'ceks before advocating 
lepair of the cianiosinus fistula unless the fiactuie is compound and involves 
both w'alls of the frontal sinus 

The accepted piocedures for closuie of craniosinus fistulae w'hich communi- 
cate w'lth the f 1 ontal sinus, ethmoid cells, and the nasal cavitj have been ( i ) 
In cases m which the condition is acute, suigical repaii through the frontal 
sinus, (2) m cases in w'hich the condition is clnonic w'hen it is possible to 
identify the site of the lesion, performance of small unilateral tiansfrontal 
craniotomy, identification of the fistula, and closure of the meningeal opening 
with Intel rupted silk sutures or closuie of it with sutuies and coveiing of it 
with muscle, and (3) perfoimance of unilateral transfi ontal craniotomy, in 
which the dura is elevated, the opening is identified and a w'lck of iodoform 
gauze IS placed between the lacerated dura and the ci ibriform plate, as Feet has 
advocated The end of the gauze wick is brought out through the frontal inci- 
sion, but the wick itself is left in place foi foui days and then carefully removed 
Feet® stated, “The object of this procedure is to prevent meningitis by allowing 
the brain to become firmly adherent to the lacerated dura thereby effectively 
closing off the subarachnoid space before organisms passing through from 
the nose can cause infection ” 

I have used these accepted procedures w'lth varied success, the one 
difficulty that I always have encountered in attempting to free the dura from 
the ciibnform plate is that the dura has had a tendency to tear, as Grant em- 
phasized in his discussion of Coleman’s paper The duia, in addition to being 
thin, is likewise under moderate tension, w'hich prevents the carrying out of 
proper overlapping of the dura which is necessary for thorough invagination 
of the meningeal fistulous tract I have included muscle in the suture line to 
assure against leakage of cerebrospinal fluid I have further attempted to 
assui e against recurrence of rhinoi 1 hea by filling the bony defect with Horsley’s 
bone w'ax (Fig ic), but in spite of all these precautions, recurrence of rhmor- 
rhea has occuried just as it did in the first case of this series This failure 
prompted development of the operation employed m these cases of chronic 
rhinorrhea, in which cure has been obtained 
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Tig 10 — Noimil relationships of the brain meninges and skull in the frontal 
region, b, craniosmus fistula with leakage of cerebrospinal fluid into the frontal sinus 
and thence into the nose, c, plastic closure of the meninges and occlusion of the bonj 
defect with wax 


H-arcL projecting 
into frontal sinixs 



FTCLcture 



Tig 20 — Schematic outline of incision in the scalp and craniotomj , 6 , eleiation of dura 
identification of the fistulous tract and ligation of the longitudinal sinus, c, closure of the dural 
tear with a suture of continuous catgut, d, reenforcement of the primarv closure bj means of a 
second row of interrupted silk sutures including a strip of muscle emplojed as additional protec 
tion against recurrence of the rhiiiorrhea, c, closure of bon\ opening with animal membrane and 
hone wax 
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The pioceduie consists of performance of cianiotomy which will allow the 
duia to be elevated fiom the bone m both halves of the frontal fossa The 
bone flap must be designed so as to extend acioss the midhne and to uncover 
the antenor poles of both frontal lobes (Fig 20) A coronal scalp-flap incision 
IS employed It is placed within the ban line, aftei which the scalp and peri- 
osteum are reflected foiward to a line just above the frontal sinus Six trephine 
openings are made, the fii st two of which are placed on each side of the midhne 
just above the frontal sinus The second two trephine openings are placed on 
each side of the midhne and the longitudinal sinus, appioximately 3 cm in 
front of the coional sutuie The third two openings are placed in the temporo- 
frontal region, one on each side As the bone between all the openings is cut 
with a Gigh saw, an opening is effected which is sufficient to permit elevation 
of the dura and the frontal lobes The bone flap is kept sterile during the 
ojieration by means of a sponge soaked with saline solution Caution is taken 
to avoid injury to the longitudinal sinus Bleeding fiom the longitudinal sinus 
IS controlled by ligation of the sinus (Fig 2b) with silk ligatures at a level 
6 cm above the f 01 amen cecum, which is situated superior to the cristi galh 
In some instances, it is necessary to ligate the longitudinal sinus where it 
communicates with the foramen cecum The advantage of ligation of the longi- 
tudinal sinus allows the duia to be sutured into, and, if necessaiy, to be used in 
closure of the fistulous tract The proceduie is continued by elevation of the 
duia fiom the fiontal fossa and the olfactoiy giooves, where it is necessaiy to 
sacrifice the olfactory nerves The elevation of the duia is continued until the 
anterior crest of the sella tuicica is appioached Duiing this dissection, the 
fistulous tract is always encounteied, whethei it be situated on the light or 
the left side The meninges will be seen to extend into the defect of the f 1 ontal 
sinus or the cnbnfoim plate 

After the dura has been mobilized sufficiently and the fistulous tract iden- 
tified, plastic closure of the tract is begun by overlapping of the dura in such 
a way as to invaginate the meningeal poi tion of the fistula The fii st suture is 
placed in the most dependent part of the elevated duia (Fig 2c) This suture 
IS continuous chiomic catgut No o The pnmaiy line of suture is protected 
by a strip of muscle which is tiansfixed to the dura and fuithei leenforced by 
the placing of a second row of inteirupted silk sutuies (Fig 2d) The defect 
in the fiontal sinus 01 ciibiifoini plate is filled with Horsley’s bone wax 
Further to piotect against foicing of the wax through the cranial defect into 
the sinus or nose, Lukens’ animal membrane is placed over the defect before 
the introduction of wax to plug the hole (Fig 2e) 

The advantages of bifrontal craniotomy aie (i) A bettei exposure is ob- 
tained than by employment of a unifrontal flap , (2) the suigeon is always sure 
to identify the fistulous tiact, (3) the exposure thus obtained affords a better 
oppoitunity for elevation of the meninges along the cribriform plate, and (4) 
after elevation of the dura fiom the cribriform plate, tension on the dura is 
relieved , this permits gi eatei ease of invagination of the fistulous tract and 
successful performance of overlapping duial closure of meningeal defects 
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Befoie leplacement of the bone flap, thorough hemostasis should be effected 
A 1 ubbei tissue dram can be used, but is not necessary because no cerebrospinal 
fluid will be seen to escape The bone flap is wiied m place with nonconosive 
wii e, inserted through pei fora- 
tions which are placed opposite 
each othei m the skull and bone 
flap The periosteum, galea, and 
scalp aie closed with inteirupted 
silk sutuies 

As a precautionaiy measure, 
administration of sulfanilamide 
IS continued foi three days prior 
to operation until the concentra- 
tion of sulfanilamide in the blood 
leaches a value of fiom 8 to 12 
mg per too cc Likewise, it is 
continued foi ten days after op- 
eration, dm mg which time the 
same concentration of the diug m 
the blood is maintained The 
dosage I have employed, langed 
fiom 45 gr (3 Gm ) to 90 gi 
(6 Gm ) per day In no in- 
stance did meningitis develop 
during the postoperative period 

Comment — Tlvcc Ca^es of Cianiosinus Ftsfnlae Results of the method 
described foi plastic closuie of a craniosmus fistulous tiact have been most 
satisfactory in all three cases mentioned herein, since all the patients un- 
derwent the opeiation without incident, all incisions healed by piimary 
union, and cerebrospinal ihinoiihea ceased immediately after plastic closure 
In the fiist case, meningitis afflicted the patient (a boy) ten months after 
operation, aftei an attack of influenza This was conti oiled by chemotherapy 
with sulfathiazole, and at the present time he is m good health and has been 
free of rhinorrhea from the date of operation, 17 months ago The second 
patient (Fig 3a and b) \s well and has leturned to work as an engineer in an 
electric plant and has been free of rhinorrhea for seven months, at the time of 
writing The third patient (Figs ^a-b and 5) is well, has returned to normal 
activity, and has been free of rhinorihea from the hour ot operation, like the 
others, until the present time, a period of two months The first patient had 
had two severe attacks of meningitis prioi to his operation In the second and 
third cases, in which there were lesions in the ethmoidal plate, the patients had 
escaped meningitis prior to operation Postoperative sequelae did not develop 
in these two cases 

The operative procedui e I have described may not be indicated for cerebro- 
spinal rhinorrhea which accompanies acute compound fractures, but it does 
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Fig 5 — Postopenti\e nppeirmce of the patient who 
had the congenital defect in the ethmoid hone show^n in 
Figure 4« and b 
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oflfei an effective method fox the control of rhinorrhea, especially so for those 
patients who complain of chronic ihinorrhea m traumatic cases of delayed and 
spontaneous rhinoirhea The one objection to this procedure is the loss of the 
sense of smell which ensues, but if symptoms aie to be relieved and the hazard 
of meningitis is to he minimized it becomes necessary for the patient to accept 
this paiticular sequela 
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SURGERY OF HYPERPARATHYROIDISM THE OCCURRENCE OF 
PARATHYROIDS IN THE ANTERIOR MEDIASTINUM AND 
THE DIVISION OF THE OPERATION INTO TWO STAGES^ 
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Boston, Mass ' 

FROM Tlir DEPARTMENT OF SDRCFRl OF TUP IIAR\ARD MEDICAI SCHOOL AND TIIF SURGICAL SFRMCFS OF TIIF 
MASSACHUSETTS GENERAL HOSPITAL BOSTON MASS 

The treatment of hyperparathyroidism is surgical Iriadiation theiapy 
has so fai pioved unsuccessful, f and attempts to control the effects of the 
disease hy diet have been injurious either to the kidneys or to the bones The 
SLiigical tieatment of hyperparathyroidism must be precise to meet the chal- 
lenge of the diagnostician Spmgarn and Geist- have reported two cases in 
which the diagnosis is beyond question and yet in which no parathyroid tumor 
was found at operation Nine patients have been referred to the Massachu- 
setts General Hospital for further operation following unsuccessful explora- 
tions by other surgeons In one of these, Case 50 of our series, $ the author 
was unable to find the adenoma at operation, its location was disclosed at 
autopsy In the nine cases, the surgical problem has been one of the peculiar 
position of the tumor All had laige tumors and, from the point of view of 
size alone, none should have been difficult to find 

The problem of the suigeiy of hyperparathyioidism involves both site and 
size of the tumor As more cases are recognized by the clinicians, size be- 
comes increasingly important Milder cases are being diagnosed and the 
milder the case, the smallei the tumor Unless suigeons take cognizance of 
the peculiai ities of paiathyioid surgeiy, an increasing pioportion of surgical 
failures may be expected This paper is wiitten to emphasize certain points 
already described,® ^ and to give in detail newer ideas in the operative man- 
agement designed to obviate the difficulties which lead to unsuccessful explora- 
tions 

Requisite Training — The problems of parathyroid surgery are not 
those of the regional anatomy of the neck but are peculiar to the anatomy and 
physiology of the paiathyroid glands Special training is needed , the technical 
skill adequate for successful extirpation of the thyroid gland is not sufficient 
The nine cases with previous unsuccesstul attempts, mentioned above, weie 

* Read before the American Surgical Association, White Sulphur Springs, W Va , 
April 28-30, 1941 

t Four of the senes of cases of hyperparathyroidism in this hospital received adequate 
roentgenotherapy before removal of the adenoma at operation, in none was there a 
demonstrable change in the abnormal metabolism Reports m the literature of cases 
benefited bj roentgenotherapy^ do not include sufficient data of calcium and phosphorous 
metabolism for us to assume that the clinical improvement was not due to diet alone 

$ The numbers refer to the cases of hyperparathyroidism at the Massachusetts 
General Hospital m the order in which the diagnosis is proven The same case numbers 
arc used in all publications from this hospital 
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operated upon by 13 surgeons, all skilled in surgery of the thyroid gland Not 
only weie the tumois not found but several of the surgeons intentionally re- 
moved what they considered to be 1101 inal parathyioid glands, a procedure 
without justification 

Recogmfion of Pa) athyroid Tissue —The eye must be trained to distin- 
guish the varieties of parathyroid tissue Beyond the vai lations in the glands 
of normal people there aie differences in the uninvolved as well as the dis- 
eased glands of hyperparathyroidism The training requires prolonged and 
precise observation and, apparently, cannot be obtained by operating upon the 
thyroid gland There is but one place foi this tiaining and that the post- 
mortem table Here, any debatable tissue must be immediately checked by 
frozen-section, since by the tune peimanent sections are ready the image of 
the gross appearance is forgotten and the chance for expei lence lost 

The size and shape of the normal gland show considerable variation (Fig 
I ) The gland is soft, for it is composed of the parathyroid and fat cells, with 
but little supporting stroma The capsule is thin, with a fine network of ves- 



Fjg I — Four normal parathyroids, removed at autopsj, were 
photographed on a diagram Variations in shape and size are 
shown (Churchill and Cope 4 AN^ALS or Surgerv, 104, 9, 1936 

sels over it Because of the softness, the shape is determined by the suiiound- 
ing organs which aie firmer The glands are flat like a pancake only if molded 
over the surface of an organ like the thyroid or esophagus If they ai e free in 
fatty 01 aieolar tissue they are globulai, a form they also assume when within 
the thymus gland They have a clearly formed vascular hilus with a fern-like 
pattern of vessels radiating out over the capsule 
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The color of the gland vanes, and depends upon the pioportion of glandu- 
lar to fat tissue The fat content of the normal glands changes with age® 
The gland of the child before puberty contains little or no fat and is, there- 
fore, the coffee-brown color of the normal parathyroid cells After puberty, 
until about age 40, the fat content increases and the glands, therefore, become 
yellower Aftei age 40, there may be a decrease m fat content with almost 
none in the older age-groups With increasing experience m the identification 
of the unmvolved or so-called “normal” glands in patients with hyperpara- 
thyroidism due to adenoma, the author has been impressed with the abnormal 
yellowness It is believed, though not proven histologically, that, in the pres- 
ence of an active tumoi, there is an atrophy of disuse of gland cells, with a 
relative increase m the fat cells Since the unmvolved glands may be so nearly 
the color of the surrounding fat the only means of distinguishing them is their 
encapsulated form and vascular pattern 

Both the adenomata and hyperplastic glands contain little or no fat and 
are, therefore, browner than any normal tissue Although we have only had 
experience with six cases, it is believed that the hyperplastic glands are some- 
what different from the adenomata , the color is a shade deeper , the surface is 
uneven instead of smooth , and the gross contours are more 11 1 egular 

Meticulous Techmc — The importance of a careful, bloodless technic has 
been stressed in previous publications ® Even the slightest ti auma to a 
parathyroid gland may result in the spread of a subcapsular hematoma, chang- 
ing the appearance to that of thyioid or an hemolymph gland Inadequate 
hemostasis may result in diffusion of blood thiough the areolar tissue, be- 
clouding the presence of a normal gland 01 small adenoma In an operation 
for hyperparathyroidism there is no place for haste 

Unde) standing of Paiathyi oid Physiology — The suigeon should be con- 
versant with the abnormal physiolog} of the parathyioid glands The search 
at operation for parathyroid tissue may be prolonged The conviction that 
the patient has hyperparathyroidism may seive to diive the suigeon forward 
to the goal 

Once the offending gland or glands are isolated, the surgeon must exercise 
judgment in what to do with them Not only must he avoid producing hypo- 
parathyroidism but also appreciate the relation of the renal and bone complica- 
tions of the disease to the tetany of the recalcification period 

Widespread Distribution or Parathyroids — It is not enough to know 
what parathyioid glands look like, knowledge of the regions in which they 
are to be found is equally important Perhaps the name parathyioid is un- 
fortunate for it suggests that these glands exist only 111 a limited area near the 
thyroid Indeed, this concept has arisen, the initial clinical interest in these 
glands was occasioned by the desire to avoid them m performing a thyroidec- 
tomy, and anatomic studies of then distribution were made by men piimarily 
mteiested in the problems of thjToid suigerj’^ The widespiead distiibution 
of parathyroid glands which may occur normally has been a product of 
embryologic study This problem of distribution has become clarified in our 
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minds o\Mng to the numbei of our cases in which a mediastinal paiathyroid 
tumoi has been discoveied 

Incidence of Paiathyioids in the Mediastinum — At the Massachusetts 
Geneial Hospital theie have been 6o cases of hypeipaiathyioidism The diag- 
nosis was pi oven m 58 at opeiatioii, in two, at autopsy In 54, the disease 
was due to adenoma, m six to piimary hyperplasia Of the 54 cases due to 
adenoma, foui had two adenomata, the rest only one ^ This makes a total of 



Fig z — Diagram of position and size of the parathyroid adenomata 
recovered from the anterior mediastinum in ii patients of this senes 


58 adenomata, ii were found in the anterior mediastinum (Fig 2), and 5 in 
the postenoi, the remainder m the neck Of the six cases of primary hyper- 
plasia, 23 individual glands were identified at operation , all lay in the neck, 
except one which was in the posterior superior mediastinum The twenty- 

* Two of the cases with one adenoma already removed show some degree of residual 
disease and are believed to have another adenoma, in the mediastinum The second-stage 
operation has been postponed 
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fourth gland, which was not disclosed (Case 15), presumably lay m the an- 
tenoi mediastinum 

Of the nine cases previously operated upon by other suigeons and referied 
to this hospital for further operation, in six, the adenoma was found in the 
antei 101 mediastinum, in one, m the posterioi , in only two, wei e the adenomata 
m the neck The position of the adenoma within the chest in seven of the 
cases piesumably accounted for the failure of the search From a statistical 
point of view, the nine cases constitute a selected group, and should be elimi- 
nated fiom consideration of the probable incidence of parathyioids within the 
mediastinum With these nine cases excluded, nine of 49 adenomata (18 per 
cent) were in the mediastinum, five (10 per cent) weie m the anterior 
mediastinum , foui (8 pei cent) in the posterior 

Reasons joi Mediastinal Position — There are two causes for the presence 
of paiathyroid enlargements within the mediastinum 

(i) Emeryologic Descent — In the senes of patients with hyperpara- 
thyroidism at this hospital, paiathyroid glands have been encountered from 
I cm above the upper pole of the thyioid gland down into the mediastinum 
as far as the peiicardium These extremes in distribution are accounted for 
by the embiyologic development of the parathyioid glands Excellent ac- 
counts of the embryolog}' of the parathyroid glands and their associations 
with the development of the thyroid and thymus glands are given m the mono- 
graphs by Weller,® and Norris'^ 

The parathyroid glands develop as two pairs fiom two separate bilateral 
primordiums in conjunction with the thyroid and thymus glands The devel- 
opment of the so-called upper pan of parathyroid glands is the simplest They 
have then origin in a piimordium arising from the fouith branchial cleft The 
parathyroid cells appear above and behind the lateral thyroid component 
arising from the same cleft and descend in this relation to the lateral thyroid 
as it grows down m the neck to join the median th^noid component Since 
the lateral thyroid component tiavels only a short distance during embryonic 
life, from just below the upper portion of the larynx to the normal thyroid 
position opposite the ciicoid cartilage, the parathyroid IV (uppei parathyroid 
of adult life) also tiavels a short distance only The upper parathyroid of the 
postfetal human being, fiom the embryologic point of view should, therefore, 
exist only in an area bounded above by the upper border of the larynx and 
below by the lower pole of the thyroid Theoretically, they should not occur 
as low as the lower pole of the thyroid 

In actual observation of patients at operation, m which it has been possible 
to identify definitely the upper from the lower parathyroid, only once has a 
normal uppei gland been disclosed below the mam branch of the inferior 
thyroid artery It is often encountered in the upper branches of the inferior 
thyroid vessels but more often lies nearer the upper pole Embryologically, 
it should be situated posterior to the thyroid but actually this is not always 

* This patient died at home, presumably of cardiac failure , no postmortem examina- 
tion was obtained 
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the case In two patients, the upper glands have been isolated anteiior to the 
superior thyioid vessels, one adenoma and an occasional normal gland have 
been revealed between the upper pole and the laiynx Largely because of the 
limited area of embryologic descent, the uppei parathyroids have been much 
easier to identify surgically (Fig 3) 



Fro 3 — Lateral and anterior Mews of area of occurrence of upper parath>roid (IV) due 
to embrjology The shading shows the evtent of possible positions of the upper parathyroids 
due to differences in development during fetal life The limited area facilitates the surgical 
identification of these parathyroids 

Not SO the lower parathyroids In their embryologic development they 
cover a wide field and their discovery in postfetal life presents the majoi sur- 
gical difficulty of hyperparathyroidism The lower parathyioid develops on 
either side from the third branchial cleft in close proximity to the primordium 
of the thymus gland As the thymus tissue grows and moves downward in 
the neck from the pharynx to its final position m the anteiior mediastinum, 
the parathyioid tissue descends with it Such is the proximity of this para- 
thyroid to the thymus that W eller® has well called it the “parathymus” gland 
In the majority of cases examined by embryologists, these parathymus glands 
pass with the thymus lateral to the upper parathyroid and lateral thyroid 
component and are dropped off opposite the lower pole of the thyroid The 
thymus continues its growth into the thorax Sometimes, however, the para- 
thymus gland grows with the thymus on beyond the lower pole of the thyroid 
and deposits itself either low 111 the anterior neck or in the chest The associa- 
tion may end with the parathyroid still within the capsule of the thymus 
Reports have appeared® of mtrathymic normal parathyroids in the human 
being We have seen no reports of parathyroid tumors within the thymus 
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The intrathoracic tumors reported m the previous communications from this 
hospital® ^ were free in the areolar tissues of the mediastinum and not within 
the thymus Of the five subsequent tumors excised from the anterior medias- 
tinum, three were within a well-defined thymic capsule The intrathymic 
existence of the parathyroid gland is moie common, we believe, than previ- 
ously suspected It is important to stress that parathyroids are to be found 
not only in the upper portion of the thymus as one would expect on embryo- 
logic grounds but also m the lower portion as well (Case 50, Fig ii) 



Fig 4 — Lateral and anterior news of area of occurrence of lower parathyroid (III) 
due to embryology The shading shows the extent of possible positions of the lower 
parathyroids due to differences in development during fetal life The extensive area 
accounts for the surgical difficulty frequently encounteied in identifying these glands 
The glands lie anterior or posterior to the left innominate vein 

The parathyroid gland in this patient was in the lowest position of any 
gland we have observed A gland outside of the thymus might, theoretically, 
be in a similarly low position It is possible, though doubtful, that parathy- 
roid tissue might descend lower than the thymus , since the position of the 
thymus in the anteiior mediastinum is variable, the lowest point at which 
parathyroid tissue might be encountered is also variable The area in which 
the lower parathyroid gland is to be expected on an embryologic basis is 
shown 111 Figure 4 The uppermost level is theoretically highei than that of 
the upper parathyroid No upper gland has been observed m oui series above 
the upper pole of the thyroid 

The relations anteriorly and posteiiorly are shown in the illustrations 
In its descent, the thymus tissue passes anterioily to the great aiteries but not 
necessarily to the innominate veins At three operations, at which the thymus 
could be definitely identified, it encircled the left innominate A^ein but lay in 

712 



A oliinie 114 
>< umber 4 


HYPERPARATHYROIDISM 


front of the aoita, the innominate, and carotid aiteiies The paiathyroids in 
the anteiioi poition of the superior mediastinum have borne this same rela- 
tion to the great vessels In the antenoi mediastinum pioper, only those 
glands that weie within the thymus have actually lam m fiont of the aorta 
Those lateral to the thymus have diopped posteriorly into the middle mediasti- 
num, lateial to the aorta 

Repoits have appealed'’ emphasizing the occurrence of parathyroid 
tumois within the substance of the thyioid gland Embryologically, the upper 
paiathyioid could, theoretically, he included within the thyioid, much as the 
lowei parathyroid is caught m the thymus Such a position within the thy- 
ioid is less likely to be assumed by the lower parathyroid, it might, however, 
get caught m the sulcus of the expanding thyi oid Indeed, we have not infre- 
quently found both uppei and lower paiathyroids deep m sulcuses of the 
thyroid, even completely buiied fiom view, but we have not observed a true 
mti ath^aoid parathyioid, noimal or tumoi 

(2) Displacement from Neck into Mediastinum — It is believed 
that enlarged paiathyioid glands may be displaced fiom then position of 
embr3^ologic development in the neck into eithei the posteiior oi anteiior por- 
tions of the superioi mediastinum No gland has been followed thiough such 
a trek but the assumption is made on the basis of indirect observations First, 
enlarged paiathyioid glands have been found m the posterior mediastinum 
where, embi yologically, no parathyroid tissue should exist Second all of the 
enlarged paiathyioids encounteied m the posteiior mediastinum have had 
long vasculai pedicles leading up to one or other group of thyroid vessels In 
conti ast, the blood supply of enlarged parathyroids m the antenoi mediastinum 
occurs locally with no connection to the thyroid vessels For example, m 
Case 57 the arteiial supply arose fiom the middle mediastinum along the 
pleuia, with the mam venous leturn emptying into the left innominate vein, 
in Case 54 the artery came fiom the pericaidial vessels, with the largest vein 
again leading up into the innominate 

Thu d, no normal gland has been found straying far f 1 om its vascular base 
The noimal gland is supplied by a fine twig from the neaiest arteiy, if the 
gland lies neai the upper pole of the thyroid, the twig comes from the superior 
thyroid arteiy or one of its branches, if near the lower pole it oiiginates in a 
blanch of the inferior thyroid artery, if between upper and lower poles, the 
parathyroid artery may come from the anastomotic branch betueen superior 
and inferioi thyroid arteries It is, therefore, believed that the normal para- 
thyroid receives its blood supply from the region in which the gland was finally 
deposited during embryologic development and that the origin of the arterial 
supply should give the clue to this region if the gland weie displaced 

Fouith, the parathyroid gland is held in position laigely by its vascular 
pedicle The capsule has only filmy connections with the surrounding tissues 
and unless caught m a sulcus, for example in the thyioid, the gland is movable 
This IS in contrast to the thyroid gland which has firm fascial attachments to 
the ciicoid cartilage and upper trachea which cause it to move with larynx 
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and trachea on swallowing When a parathyioid gland enlarges, it can be 
leadily displaced by the surrounding organs The vasculai pedicle should 
offer but little resistance to downward displacement Thyroid enlargements 
when freed of fascial attachments by continued growth are readily drawn into 
the mediastinum in spite of their vascular connections 



Fio s Fig 6 

Fig s — Lateral Mew of area of occurrence of enlarged upper pirath>roid (IV) 
The original area of embryologic occurrence (Fig 3) is added to owing to displacement 
downwards of enlarged glands Because the only embr>ologic position permitting dis 
placement is the posterior one enlarged glands mo\e toward the posterior superior 
mediastinum 

Fig 6 — Lateral aiew of area in which enlarged lower parathjroids (III) displaced 
from their original position in neck maj be found Glands having had embrjologic 
position posterior to thjroid after enlargement ma) be displaced into posterior medias 
tinum those having had embrjologic position caudal to thyroid in a more anterior plane, 
may be displaced into the anterior superior mediastinum 


Fifth, three times an enlarged upper paiathyioid has been disclosed sti ad- 
dling the infenoi th)froid artery like a saddle on a hoi se’s back , it is believed 
that the gland was caught b)'- the arteiy on its journe}'- 

The passage of an enlarged parathyioid downwaid is piesumably initiated 
by the weight of the gland itself but is accelerated as it appi caches the thoi ax 
by the negative mtrathoracic pressure Depending upon the oiigmal position 
of the gland, the enlaiged gland may be sucked into either the posterior or 
anterior mediastinum If the gland was originally an uppei one, it passes 
downwaid into the posterior mediastinum if it is not caught on the mfeiior 
thyroid aiteiy (Fig 5) If the gland was originally an mfeiioi paiathyroid 
tying posterioi to the lower pole, it also will be sucked into the posteiior 
mediastinum If, however, it lay caudal to the thyroid lobe, m which case it 
vill be in a more anterior plane, it may be drawn into the anteiior superioi 
mediastinum (Fig 6) 
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Walton^^ was the first to describe the probable descent of enlarged para- 
tbyioids from neck into mediastinum He concen^ed of vaiious fascial planes 
which decided whethei the enlaiged gland descended into the posterioi or 
anteiioi position We hai^e been unable to confiim the existence of these 
fascial planes and believe that the diiection taken is due rathei to the oiigmal 
position of the gland as a result of its embiyologic development Once these 
glands have reached the mediastinum they presumably do not go any further 
since the negative inti athoracic pi essui e no longer exerts a pull upon them 

The distiibution of parathyioid glands may be summarized as follows 
The upper glands (IV), when noimal, exist m a limited area near the upper 
thyroid gland, when enlaiged the}’' may be displaced toward the posteiior 
mediastinum, suigically they are easy to find The lower glands (HI), some- 
times called the paiathymus glands, when noimal, aie to be found over a wide 
area, from larynx to anteiioi pencaidium, when enlaiged this aiea may be 
increased to include the postei loi superior mediastinum , then identification 
may lequiie extended seaich Enlaiged paiathyioid glands may exist in the 
mediastinum m moie than lo pei cent of cases of hypeiparathyioidism, and 
the suigeon must be piepaied to meet this eventuality Although a vascular 
pedicle leading to the mediastinum should be sought when exploring the 
thyroid region, its absence does not exclude a parathyioid in the anterioi 
mediastinum 

Operative Technic — The not infiequent piesence of paiathyioid glands 
within the mediastinum has necessitated a i econsidei ation of the operative 
plan Although early in oui experience we met with some success in deliver- 
ing enlarged parathyroids from the mediastinum by blunt dissection with the 
fingers, later failures emphasized the importance of direct visualization of tis- 
sues The neck is first exploied as heietofore, and if all of the oftendmg glands 
are not disclosed the anterior mediastinum is opened tin ough the sternum at a 
second operation 

Fvsf Stage — Evploi ation of Neck and Postenoi Mediastinum The re- 
gions of the neck and posteiior siiperioi mediastinum in which parathyroids 
may be found, can be explored adequately under direct vision through a wide 
collar incision in the lower neck The platysma is elevated with the skin flaps 
The sternomastoid muscle is dissected free of the sternohyoid and omohyoid 
muscles opposite the cricoid cartilage but only enough to expose the ansahypo- 
glossal nerve The sternohyoid muscles are divided m the midline from the 
thyroid cartilage to the manubiium Stitch hgatuies are placed around the 
largei veins lying in the fascia on the anterior suiface of the sternohyoid 
muscle The milscle is cut from medial to lateral The small artery lying 
neai the medial boidei is ligated The sternothyroid muscle is thus exposed 
and It is divided at its mseition to the larynx The ansahypoglossal nerve is 
spaied as it passes along the posterolateral border of this muscle to supply the 
lower portions of both the pretracheal muscles Retraction sutures ai e placed 
tin ough the upper end of the outer muscle only and the lower ends of both 
muscles, reti acting them from the thyroid gland 
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Large clamps aie no longei used m dividing the pietracheal muscles, since 
to some extent then insertion is blind and the fine vessels leading dnectly fiom 
the suiface of the thyroid into the sternothyi oid muscle ma}^ be torn, with 
resulting hemoiihage Wider exposuie is obtained by leti acting the entire 
steinothyioid muscle downward Healing is better since the amount of 
necrosed muscle is deci eased 

Befoie division of the pietracheal muscles, the contouis of the thyioid 
prominence aie carefully inspected If there is any appaient difference, the 
largei side is exposed fiist Such a difference due to a parathyroid tumor is 
larely seen, it is more often due to asymmetiy of the thyioid In the absence 
of a demonstiable tumor mass directing attention to a special aiea, one lateral 
thyroid lobe is exposed Traction sutures of silk lather than hooks aie placed 
m the thyioid In exposing the thyioid, pains should be taken to get in the 
fascial plane as neai the tiue thyioid capsule as possible If too much aieolai 
tissue is left over the surface of the thyroid, paiathyroid tissue may be re- 
tracted with the thyioid and difficulty encountered m exposing the thyroid 
sulci 

The seaich now pioceeds on the basis of likelihood Since the upper para- 
thyroids occui in a smaller area it is sound policy to look for this gland first , 
it should be sought m the legion from the mferioi thyioid artery up to and 
above the uppei pole The gland may he on the lateral, posterioi, oi medial 
surface Both the superior and infeiior laiyngeal neives may be exposed 
If the upper gland is not revealed on the initial search, the i egion of the lowei 
pole IS next explored If an apparently normal upper paiathyioid was iso- 
lated, it IS wise to proceed to the opposite side of the neck and look for the 
corresponding upper gland before exploring for the lowei gland of the same 
side This shift of side is made because of the probability that the glands are 
arranged symmeti ically (see page 722), Symmetiy oj Position), and it may 
thus be possible to uncovei rapidly 50 per cent of the glands 

When the regions of the lateral thyroid lobes have been thoi oughly searched 
without finding the offending gland or glands, the dissection is then widened 
The area above the uppei pole as high as the uppei bordei of the larynx is 
opened and the aieolar tissue as fai lateial as the carotid sheath is explored 
The carotid sheath itself should be inspected f The esophagus should be ex- 
amined because a gland may hide behind it or between it and tbe trachea The 
absence of a vascular pedicle along the esophagus is usually sufficient evidence 
to exclude a gland In this plane, the sympathetic neive trunks are uncovered 
Next, the dissection is carried down into the posteiioi superior mediastinum on 

* Parathyroid glands have been reported on the anterior surface of the thyroid 
gland We have never encountered them in this position It may be that a parathyroid 
gland on the lateral surface of the thvroid ma> assume an anterior position as a goiter 
develops 

“ Norris believes it possible on embryologic grounds for parathyroid tissue to become 
included \\ithin the carotid sheath Although the sheath has frequently been opened in 
the cases operated upon at this hospital, no parathyroids have been encountered in thi*' 
position 
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either side, a feat easily accomplished since the line of vision is direct On the 
left side, it IS wise to identify the thoracic duct in oidei to avoid injuring it 
Finally, the antenoi supeiioi mediastinum is sifted hut only as far as direct 
visualization and dissection with instruments is possible 

Considerations Peculiar to First Stage — Vasculai Pedicles The use 
of the identification of vasculai pedicles leading into the supeiioi mediastinum 
has aheady been pointed out Such a pedicle leading in an atypical mannei 
fiom one of the thyioid aiteiies may give an immediate clue to the position of 
a diseased parathyioid In Case 53 the right upper parathyioid, an unm- 
volved gland, had been identified , the left upper was not pi esent m the sym- 
metiical position A small aiteiial twig, however, was seen leading up from 
the anastomotic aiteiy to the space between thyioid and laiynx wheie no 
aitery noinially runs Dissection of the posteiior thyioid region revealed 
no paiathyioid tissue Pursuing the vascular pedicle, the thyroid was sepa- 
rated from the larynx and uppei trachea anteriorly and a small, flattened 
adenoma promptly found 

Thymic Rests Rests of thymus tissue may also be a clue pointing to 
parathjnoid tissue These rests are not uncommon in the neck as well as 
mediastinum, and aie due to remnants of tissue dropped off as the thymus 
descends fiom pnmoidium to mediastinum Since these lests aie presumably 
pieces of the uppei most poition of the developing thymus, that portion with 
vliich the paiathyioids III are closely associated, parathyioid tissue may ad- 
join if not he within then capsule Thymus rests should nevei be resected 
until it IS certain that no pai athyroid tissue is enclosed within them 

In addition to isolated lemnants, there may be a well-defined tongue of the 
thymus gland using toward the lower pole of the thyroid fiom the anteiior 
mediastinum In Case 47 aftei the identification of three normal glands, the 
adenoma was found within the capsule of such a tongue In anothei patient, 
a normal gland lay within a tongue of thymus In a patient recently operated 
upon for hypeithyioidism, rests of thymus tissue were encounteied on either 
side behind the upper poles of the thyioid Noimal parathyroid glands weie 
identified, one outside the thymic capsule and one within 

Subtotal Resection of the Thyioid If the capsule and sulci of the thy- 
roid gland have been caiefully exploied, actual resection of the th3'^roid gland 
should laiely be necessaiy As mentioned above, under Embiyologic Descent 
(page 710), parathyioid tissue, theoi etically, may occui within the true cap- 
sule of the thyi oid gland , none has been seen in this position m this hospital 
Noimal and enlarged glands have been found deeply buiied in sulci but they 
have been outside the tiue capsule of the thyroid It is possible that some of 
the “inti athyroid” paiathyroids repoited in the hteiatuie may have been 
placed in a position similai to ours 

Second Stage — Exploiatwn of Antenoi Mediastinum The anteiior 
mediastinum cannot be explored undei dnect vision through an incision m the 
neck The plane of the antenoi space beneath the sternum lies at a right angle 
to the surgeon s line of vision The onlj'’ wa^' to see into the anterior niediasti- 
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num IS to open into it thiovigh the steinum Adequate exposuie of the 
anterior space is obtainable through division of the midlme of the sternum 
from the notch of the manubrium to the level of the third interspace 

The skin is incised fiom the neck scar to below the thud intei space and the 
midlme of the sternum exposed The pretracheal fascia is divided in the mid- 
hne just above the manubnal notch and separated from the posterior perios- 
teum of the manubrium A fingei is then inserted posterioi to the manubrium 

and worked downward behind the 
sternum, pushing the pleura lat- 
erally and creating a space foi 
cutting the steinum On one side 
an opening, medial to the internal 
mammal y vessels, is made into 
the cavit)' behind the sternum 
from the third interspace, and 
again, by blunt dissection, the 
pleura reflected lateially The 
tunnel starting at the manubrium 
IS now connected with the third 
mtei space The sternum is cut 
with a Lebsche steinal knife (Fig 
7), an mstiument piefeiable to 
the Gigli saw, bone cutters, or 
longeuis The sternum is di- 
vided into two 01 thiee portions, 
depending upon the exposure 
needed By incising from manu- 
biium to the third interspace on 
one side, a good view of that side 
of the anteiior mediastinum can be obtained (Figs 8 and 9) If the parathy- 
loid gland is not found on that side, the thud mtei space of the opposite side 
is exposed and the steinum divided into it also By this cut, the sternum 
is divided into three pieces and a widei exposuie of the mediastinum ob- 
tained (Fig 10) The longitudinal halves of manubrium and upper body 
of the sternum form two of the pieces and are 1 eti acted laterally The lower 
undivided body is the third part and can be pulled downward and outward 
to expose the anteiior pencaidium This third part with its attached costal 
cartilages forms the keystone of the anteiior arch of the chest Splitting of 
the sternum further down the midlme diminishes the stability of this arch 
and the added exposure is not required 

The angle of the cut in the sternum from midlme to thn d mtei space is best 
made at 45 degrees If both interspaces have to be opened into, the mvei ted V 
formed will aid the immobilization of the steinal fragments on closuie 

After dividing the sternum, strict hemostasis must be secured by use of 
bone wax and silk sutures before any dissection is carried out within the 
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Fig 8 — Initial cut of sternum 
partiallj made using sternal knife 
Incision i\ as started in right third 
interspace running towards notch 
of manubrium (Case 55, re 
touched photogr vph of operation) 
Insert is diagram of incisions of 
sternum 


Fig 9 — Anterior mediastinum 
exposed by retracting sternum 
after initial cut View limited to 
the right side (Case 55) 


Fig 10 — Exposure of anterior 
mediastinum increased by second 
cut of sternum into left third in 
terspace, Arrow points to cut 
The thjmus gland is retracted 
out of the operative field The 
parathyroid adenoma, dissected 
out of the thymus capsule, lies 
at the base of thymus on a pad 
of mediastinal fat The aorta is 
show n between the retractors, 
caudal to the fat pad (Case 55) 
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thoiax The same particulai technic used in the exploration of the neck must 
be employed, otheiwise a small adenoma will be overlooked 

In the fiist dissection, the pleura on both sides is identified and displaced 
laterally The great vessels are then uncovered , the remnant of the thymus 
should be encountered 

As far as we know now, the extent of the search within the mediastinum 
should be fiom the neck down to the right auricle and upper reflections of 
peiicardium The tumois aie not found merely m the actual anteiior space 
but may be displaced posteriorly on either side of the aoita, lying actually in 
the middle mediastinum against pleuia and lung root The tumors have been 
both anterior and posteiioi to the innominate vein Appaiently this vein lies 
m the middle of the path of embryologic descent of both thymus and para- 
thyroids, Avheieas the arteries he posterioi 

In 01 del to pi event as much postoperative discomfort as possible the 
sternum should be sutured firmly The best closuie has recently been ob- 
tained with stainless steel wiie, which has sufficient tensile strength to be 
drawn tight and yet can he manipulated with ease 

On closing, all air and fluid should be removed fiom the mediastinum by 
suction and the absence of pneumothoi ax confiimed clinically, or roentgeno- 
logically if theie is any doubt Closuie is made without diamage 

The anesthetic of choice foi both operations is mtiatracheal gas-oxygen- 
ethei In the second, provision for positive pi essure is made 

Considerations Peculiar to Second Stage — Exploiation Defined by 
Thymus Much time may be saved by exposing the thymus gland In the 
first place, paiathyroid tissue will piobably not occui lowei m the chest than 
the thymus and once the lowest point of the lattei has been determined, at 
least the first dissection should he done fiom theie upward In the second 
place, noimal paiathyioids and parathyioid adenomata may be found within 
the thymus capsule, the adenoma in three of our cases has been so situated 
One of these was not discoveied until the poition of thymus lying behind the 
left innominate vein was freed In the thud place, since the parathyroids 
descend m intimate i elation to the thymus gland m embiyologic life, if a paia- 
thyroid IS not Avithin the thymic gland substance it may be expected to be 
close by 

111 exposing the thymus, care must be taken not to lesect it or jeopardize 
Its blood supply unless it is certain that it contains no normal paiathyroid 
tissue The warning against resecting normal paiathyioids applies, there- 
fore, to resecting the thymus (see page 722), Uses of Exposed Umnvolved 
Glands) 

Considerations Applicable to Both Stages — During either operation 
the following observations should be kept in mind 

Anticipation of Size or Adenoma The suigeon may anticipate the 
probable size of a parath3noid adenoma by studj'^ of the abnormal physiology 
of the patient We know of no clue as to ivhethei an adenoma or primary 
hyperplasia will be encountered The size of an adenoma is, however, roughly 
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propoitional to the elevation of the blood serum calcium If the elevation is 
minimal, with a level of ii to 12 mg, and with a loweied blood phosphorus, 
the suigeon should lealize that any adenoma will be small and may be haid 
to find If the blood calcium is 14 mg, the pioblem is much easiei foi the 
tumor should weigh one-half 01 more grams If the hlood calcium is 15 mg, 
or above, the tumoi may be large enough to palpate 01 to displace othei organs 
and may be discoveied lapidly The converse is true, if a small adenoma is 
identified in a patient with a moderate 01 high elevation of the blood calcium 
level, a second adenoma exists and should be looked foi 

The weight of the glands m piimaiy hyperplasia has not borne such a 
constant relation to the blood calcium level , vai lations in the size of the glands 
in the same patient have been considerable 

The significance of the ability to anticipate the size of a possible adenoma 
is revealed m still anothei way If a laige paiathyioid mass is encounteied 
111 a case with a mild degiee of the disease (only slightly elevated blood cal- 
cium level), it IS probable that the surgeon is not dealing with adenoma but 
with primal y hypeiplasia The gland should, therefore, be inspected for the 
other characteristics of hypei plasia and the blood supply not damaged, for this 
may be the gland most favorably situated for subtotal resection 

Multiple Adenomata Four of the 54 cases of hypei pai athyroidism due 
to adenoma, in this hospital’s senes, have each had two adenomata In two 
cases, both adenomata Meie disclosed at the fiist opeiation In the third, a 
minute adenoma was overlooked at the fiist opeiation when the larger 
adenoma was lemoved, lesidual disease lequiied a secondai}^ opeiation In 
the fourth case, the disease was completely relieved for foui years after the 
removal of the first adenoma In the fifth year, the signs of a mild i ecun ence 
appeared and, at a second opei ation, a small adenoma was found There are, 
in addition, two othei cases 111 which one adenoma has already been lemoved, 
with a mild degree of the disease, presumably the result of a second adenoma 
In one of these the disease was completely leheved for a period of more than 
two years after the first operation , m the other, thei e has been continuous 
disease since the removal of the first adenoma 

From these statistics, theiefoie, based on the incidence in this series of 54 
cases, one would expect that approximately one case 111 ten of hyperparathy- 
roidism due to adenoma will have more than one adenoma present The 
criteria foi seeking a second adenoma must be weighed by the surgeon The 
surest way of excluding a second adenoma would be to isolate all foui glands 
at the initial operation and, perforce, this may be necessaiy since one adenoma 
may not be discovered until after the three uninvolved glands 

It would be unwise, however, to pi olong the opei ation unnecessarily in the 
majority for the exception The piinciples which guide us 111 making the de- 
cision to seek a second adenoma at the same operation in which one adenoma 
and not all four glands have been found, are as follows 

The size of the adenoma 111 proportion to the degree of the disease is pri- 
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mary in importance (see page 720, Anticipation of Size of Adenoma) Since 
this piopoition IS only appioximate, other considerations entei in 

If an adenoma, the adequacy of the size of \\ Inch is debatable, is uncovered 
on the first side of the neck exploied, it is wise to look for the second gland on 
that side If this gland tuins out to be uninvolved, it is reasonable to stop with 
lesection of this single adenoma, anticipating that the disease will he leheved 
If disease peisists, the other side can be explored unhampeied by scar tissue 
and with the knowledge that another tumor must exist If both sides of the 
neck had to be explored to find an initial and probably inadequate adenoma, 
a second should be sought and a complete fiist-stage operation perfoimed if 
necessary Scar tissue makes leexposuie so difficult that no field should be 
closed until it has been completely searched Having failed to find the second 
adenoma at the first stage, the second stage will be indicated 

Uses 01 Exposed Uninvolved Glands Scrutiny of an uninvolved 
gland exposed duiing the course of an opeiation may yield much information 
of service 111 directing the surgeon's further attack 

Size and Shape In mild cases, the adenoma may be so small that it is 
embedded within a capsule of normal paiathyroid tissue Even though wide 
variations occur among normal glands, compaiison of the size and shape of 
this gland with those of other apparently uninvolved glands may yield the only 
clue to the presence of the adenoma 

Coloi In a gland of normal sue and shape, a color yellower than ex- 
pected tends to confirm the piesence of an adenoma m anothei gland A nor- 
mal color of a gland slightly largei than normal suggests either that it hides 
an adenoma beneath the surface or is a secondaiy hyperplastic gland 

Symmetjy of Position In about 80 pei cent of patients, the coriespond- 
ing parathyioid glands occupy symmetrical positions in the two sides of the 
neck If the first gland exposed is 1101 mal, it may be moie efficient to proceed 
immediately to the symmetrical position on the other side rather than to pro- 
long the search on the same side foi the othei gland of which theie is no defi- 
nite clue 

Paiathyioid III 01 IV As soon as a normal parathyroid is identified, it 
should be decided whether it is an upper or lower gland If it is an upper (IV), 
any fuither dissection on that side should be below it, if it is a lower (HI), 
presumably the upper will be higher Accuiate decision may be impossible 
when the gland lies in the branches of the infeiioi thyroid arteiy but careful 
search foi the oiigin of the gland’s arterial supply may furnish the lead As 
pointed out above, under Exploi ation Defined by Thymus, the presence of 
any thymic tissue m proximity identifies it as a lower gland even if in an upper 
position 

Exclusion of Hypei plasta The finding of one normal gland excludes pri- 
mary hyperplasia This simplifies the problem, for although it ma}'- be neces- 
sary to identify other normal glands if the adenoma is smallei than expected, 
111 the majority of cases it will not be necessary to identify all parathyroid tissue 
Hyperplasia Primary hyperplasia of all parathyroid tissue must be ex- 
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eluded when an enlarged parathyioid gland has been uncovered If the gross 
chaiacteii sties are not sufficiently cleai foi identification and no other gland 
has been found foi comparison, a piece should be lemoved and examined by 
f 1 ozen-section The suigeon should not close until the decision in regard to 
the pathologic type of the disease is definite 

Identification of Glands by Biopsy If m doubt whether a piece of 
tissue IS paiathyioid, a specimen should be removed for biopsy Under no 
cn cuinstances should the tissue be ; esected until it is pi oven an abnoi mal gland 
Eight surgeons, opei atmg upon patients later sent to us foi secondary explora- 
tion, lemoved tissue about vhich they weie undecided Some avowedly le- 
moved what they consideied to be noimal paiathyioid glands In each of 
three of the patients two noimal paiathyioids were actually lemoved In these 
patients, had the adenoma, when found, been i esected in entiiety, only one 
noimal gland at most would have been left to maintain parathyroid function 
Since the viability of this lemammg gland might have been jeopardized by 
opeiative tiauma, if it was not unwittingly excised, a subtotal resection of the 
tumoi was necessai y Since the i emoval of a small piece foi biopsy by fi ozen- 
section IS simple and a trained pathologist’s lepoit dependable, the proceduie 
should be resoited to more fiequently 

Supernumerary Glands The possibility of moie than four paiathy- 
ioid glands 111 one individual menaces the suigeon’s peace of mind Although 
the text-books of anatomy definitely give foui as the noi mal numbei of glands 
pathologists have desciibed as many as seven m a given individual, many 
authoi s have found less than four The adequacy of the search is always open 
to question when less than four have been found No one man has made a 
sufficient numbei of extensive dissections to show the leal incidence of moie 
than foui glands m one individual Embiyologists aie agreed that supernum- 
eiaiy glands can occui just as theie may be detached remnants of thj'^roid oi 
thymus in the neck 

In a small senes of dissections, the author has encountered five normal 
glands twice In one patient with hyperthyioidism, he has uncoveied three 
normal glands on one side, pi oven bj'- biopsy From the piactical point of 
view in dealing with hyperpai athyroidism this single operative and limited 
dissection expeiience must be consideied fortuitous A working plan has 
been developed If four noimal glands, proven by biopsy, aie isolated in a 
patient with a boideihne degiee of hyperparathyioidism, and paiticularly if 
these glands are symmeti ically placed in chai actenstic positions, no search is 
made for a possible fifth gland If, on the other hand, the diagnosis is irrefut- 
able, a further attempt should be made If the diagnosis m the patient is in 
doubt and the glands are asymmetrically placed, a possibly asymmetiic fifth 
gland should be sought Other signs of iriegularly developed glandular tis- 
sue, such as a pyramidal lobe of the thyroid oi thymic rests would strengthen 
this decision to look furthei 

Subtotal Resection Subtotal lesection of the paiathyroid tissue in 
pi unary hyperplasia is cai i led out on the same principle as subtotal thyroidec- 
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tomy for the hypeiplasia of hyperthyioidism There are also indications for 
subtotal lesection of an adenoma, one of which also calls for less radical resec- 
tion of piimaiy hyperplastic tissue A human being cannot survive total ab- 
sence of pai athyi oid tissue with any comfort or safety m spite of the adminis- 
tration of the lecently intioduced AT lo The indications for subtotal 
resection have been given in a previous ai tide* , a new emphasis is given in the 
present leview 

If a patient has had a pievious parathyioid exploration and one or more 
1101 mal glands have been removed, subtotal resection of an adenoma is indi- 
cated unless viable, uniiivolved paiathyroid tissue is definitely seen Subtotal 
lesection may be indicated, if a pievious search has been made, even though 
no normal tissue was known to have been removed If at the secondary op- 
eration dense scar tissue is found m the legion where normal glands are most 
likely to occui, it is safer to assume that the unmvolved parathyroids have been 
damaged either by direct tiauma oi loss of blood supply If pieces of tissue 
were cut out for examination, or paiticularly if a subtotal thyroidectomy was 
done in the hope of finding parathyroid tissue within the thyroid substance, a 
subtotal resection should be weighed 

Subtotal resection of an adenoma oi less ladical subtotal resection of pri- 
mal y hyperplasia is indicated if tetany of the recalcification period is antici- 
pated In patients with extensive bone disease, secondary to hyperparathy- 
loidism, seveie low calcium tetany may follow correction of the primary 
disease This tetany is due to the rapid absoiption of calcium by the bones 
Preoperatively, it may be predicted if the phosphatase of the serum is ten 
Bodanslcy units oi gi eater 

The nature of this tetany of the i ecalcification peiiod is not completely 
understood The disordeied metabolism resulting m the decrease of blood 
calcium IS different fiom that in hypoparathyroidism First, the serum phos- 
phoius le\el is low instead of high Already low due to the hyperpaiathy- 
roidism, it descends further during the 48 hours after opeiation, rising to the 
low pieopeiative level in the couise of the fiist postopei ative week, and to 
normal as 1 ecalcification is completed Second, the phosphatase, already ele- 
vated, uses pi ecipitously after operation (duimg the first 48 hours there may 
be a tiansient fall) As the skeleton lecalcifies, the phosphatase falls grad- 
ually to normal In patients with seveiely depleted bones, this piocess may 
requiie moie than a year in spite of a huge daily intake of calcium and phos- 
phorus Duimg this long period, tetany lemams latent 

The phosphatase level of the blood serum is believed to be pi oportionate 
to the number of osteoblastic cells 1 eady to foi m bone In the presence of an 
excess of pai athyi oid hoi mone, these cells ai e unable to work to capacity The 
change in parathyroid function following resection of an adenoma appaiently 
releases them much as a triggei files a gun Their lapid absoiption of cal- 
cium results in tbe tetany It may be that subtotal resection is not the best 
method of slowing up the discharge of this tetanic gun 

The possible occui lence of caicinoma in the remnant of the parathyroid 
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adenoma might be consideied as a contiamdication to subtotal lesection In 
only one of our nine cases in winch a subtotal lesection of an adenoma has been 
done, have we had to lemove the lemiiant foi residual bypeiparathyroidism 
In none of the 58 adenomata seen at this hospital has there been any micro- 
scopic evidence of malignant degeneration The leport^^ of carcinoma in a 
gland giving rise to hyperparathyroidism is not beyond question Carcinoma 
of the parathyroid is a rare disease , m the cases reported no hypei function is 
proven The possibility of eventual carcinoma should not rule out subtotal 
resection when hfe-endangermg tetany threatens 

ILLUSTRATIVE CASE HISTORIES 

The following case revealed a parathyroid adenoma m the anterior medias- 
tinum, impossible to reach by fingers introduced through a collar incision in 
the neck 

Case 50 — Mediastntal Adenoma Beyond Reach fioni the Neck A woman, age 26, 
was treated in a hospital in Hartford, Conn , two j^ears before entry First, a calculus 
was removed from the right ureter, then the left kidney was removed because of stones 
and infection Following this, a diagnosis of hyperparathyroidism was made on the 
basis of the blood findings Exploration of the neck and thyroid regions disclosed three 
enlarged glands, felt to be consistent with hypertrophy Specimens were removed for 
biopsy, normal parathyroid glands were reported The metabolic signs of hyperpara- 
thyroidism continued and the patient was referred to this hospital 

Intravenous pyelograms pictured calcification in the right kidney and slight hydro- 
nephrosis There was no demonstrable bone disease roentgenologically There was 
hypercalcinuna, a blood calcium level of 136 mg , phosphorus of 2 4 mg , phosphatase 
of 42 units 

Operation — Because of the gross diagnosis of hypertrophy made at the previous 
operation, the neck was reexplored The thyroid region was searched A remnant of 
one of the glands previously exposed was identified, a specimen removed for biopsy, 
and reported normal Because of its nodular character, the left thyroid lobe was sub- 
totally resected, sectioned at the operating table, but no parathyroid tissue was found 
The entire neck region and posterior mediastinum were explored Then the anterior 
mediastinum was entered by blunt finger dissection A normal thymus gland was iden- 
tified and the upper portion was teased out, no parathyroid tissue was found m it and 
none had been felt near it Tissue could be felt in the anterior mediastinum at the tip 
of the finger, and it was realized that more thymus was left in the chest 

During such a blunt, blind search in the anterior mediastinum there is inevitably 
considerable motion of air in and out of the chest, and its occurrence at this operation 
failed to cause concern The patient died two hours after operation of a bilateral partial 
pneumothorax By the blunt dissection, small openings had been torn into the pleural 
cavities Postmortem examination confirmed the presence of further thymus tissue lying 
in front of the ascending aorta, and at the very bottom, poking its nose out of the 
thymic capsule, lay the parathyroid adenoma The adenoma lay just in front of the 
upper portion of the right auricle, between the upper anterior pericardium and the 
sternum It was fully two inches below the reach of fingers inserted at the notch of 
the manubrium (Fig ii) 

Comment — ^Tliis parathyroid adenoma was in the lowest position of any 
we have found, and lower than any parathyroid gland we have seen reported 
in the literature The experience with this patient demonstiates not only 
the danger of blunt and blind dissection in the chest but also that parathyroids 
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may be beyond leach, it has been lesponsible for oui considered return to 
diiect exploiation of the anteiioi mediastinum through a divided sternum 
The following case illustiates the wisdom of exploring the anterior media- 
stinum undei direct vision The adenoma was not felt although touched by 
fingeis inserted from the incision m the neck Its position was not disclosed 
until the second-stage operation 



t 


/ 

Fig II — Position of parathjroid adenoma found at autopsy in Case 
50 The adenoma la> at the lower end of the thjmus within the thymic 
capsule and was a good two inches beyond the reach of lingers introduced 
through the neck incision 
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Case 55 — Futility of Blind E\ploiation of Antenoi Mediastinnin A woman, age 
54, eight years before entry underwent a pelvic repair operation A backache which was 
unrelieved by the operation was later diagnosed sacro-ihac arthritis Four years later, 
during a gastro-intestinal series, kidney stones were discovered, and after another year 
one kidney “full of stones” was removed It was not until i8 months before entry, 
when she was studied for vai lous skeletal aches, that hyperparathyroidism was diagnosed 
A parathyroid exploration was undertaken m New York, N Y The neck region was 
explored but only one parathj roid, presumably a normal one “at the right lower pole 
of the thyroid,” was disclosed Because of increasing skeletal pains and continued 
hypercalcinuna, the patient was refen ed to this hospital 

Mild generalized decalcification was demonstrated The blood serum calcium aver- 
aged 15 5 mg , the phosphorus 2 i mg , and the phosphatase 7 units There was a high 
concentration of calcium in the urine 

Opel atioii — Since the surgeon had been able to expose only one possible parathyroid 
gland at the previous operation, reexploration of the neck was indicated 

Fust Stage — November 23, 1940 The areas covered at the previous operation 
were clearly delineated by dense scai tissue , a complete exploration of neck and posterior 
mediastinum was accomplished and no parathyroid adenoma was found In an effort 
to avoid a third operation the anterior portion of the superior mediastinum was explored 
blindly with fingers , no tumor was felt 

Second Stage — December 5, 1940 After division of the sternum, a long, thin 
thymic remnant was easilv identified It was dissected upwards to within i cm of the 
left innominate, where dense tissue reaction from the recent blind exploration was 
encountered No parathyroid tissue was seen within the free portion of the thymus 
Other portions of the mediastinum were, therefore, explored When no tumor was found 
the scarred area was returned to as last resort As the thymus was followed up into 
the area where fingers had felt before, a parathyroid adenoma, measuring 18x08x05 
cm and weighing 0 4 Gm , was found within the thymic capsule, lying behind the 
inferior margin of the left innominate vein Figures 8 through 10 are photographs 
taken at the operation of this patient 

Removal of the entire adenoma has resulted in prompt relief of the patient’s 
symptoms 

Comment —The adenoma was undoubtedly touched at the first-stage op- 
eration Although of moderate size, it was not felt as a distinct body because 
of its soft chaiacter and its inclusion within a tissue of nearly the same con- 
sistency and its position neai a large collapsible vein By yielding to tempta- 
tion at the first stage the second was made much harder 

In the following case, the thymus gland seived as a guide to the prompt 
discovery of a paiathyioid adenoma embedded m the scai tissue of the 
previous explorations 

Case 57 — Aiea of Exploiation Defined by Thymus A woman, age 30, noticed 
the onset of bone pains seven years ago During the course of these years the pains 
spread to her whole body and the severity increased During the last eight months 
she was bedridden 

Three and one-half years ago, at two operations in a hospital in New Haven, Conn , 
epulis tumors were removed Three years ago, in a second New Haven hospital, the 
diagnosis of hyperparathyroidism was made Two parath\roid explorations were per- 
formed At the first, the neck was explored and “a parathyroid at the anterior surface 
of the upper pole was identified and removed” , pathologic section showed it to be a 
lymph node At the second, the sternum was divided with rongeurs and the anterior 
mediastinum explored, no parathj'^roid tumor was found 
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Two years ago, in a third New Haven hospital, a second exploration of the neck 
was made, subtotal thyroidectomy failed to reveal any parathyroid tissue Six months 
ago, at a hospital in Boston, Mass, a third exploration of the neck was made, the 
available portions of the mediastinum were searched After this fourth unsuccessful 
operation, roentgenotherapj was administered to neck and mediastinum 

Because the disease had progressed relentlesslj , she was referred to the Massa- 
chusetts General Hospital The skeleton showed an extreme degree of involvement with 
several huge giant cell tumors The left ureter was blocked by a large stone She 
had a severe anemia, m spite of a 4 per cent reticulocj'te count Her blood volume was 
increased 35 per cent above normal The blood calcium was 145 mg and phosphorus 
2 2 mg 

Opeiatwn — Second Stage Because of the three previous attempts we excluded 
generalized hyperplasia and thought the existence of a tumor m the neck or posterior 
mediastinum unlikely An adenoma was presumably to be found in the anterior medi- 
astinum lower than the area previously searched It was, therefore, decided to explore 
first the region of the lower ascending aorta and pericardium The sternum was divided 
into both interspaces and the aorta identified The lower end of clearly defined thjmus 
was exposed, the margins led upward into the scar tissue of the previous operation 
Because it was unhkeh that parathyroid tissue would exist below thymus, it was decided 
to follow the thymus through the scar tissue in spite of the previous search As the 
thymus was freed upward, a large adenoma was seen lying against the pleura on the 
left side The adenoma lay outside the thymus but in close proximity , it was posterior 
to the plane of the thymus, between pleura and upper ascending aorta The anterior 
and medial surfaces were scarred, showing that previous dissection had come near it 
The mam arterial supply entered the gland near the bottom, coming from vessels along 
the pleura and lung root The largest vein emptied upward into the innominate vein 

The adenoma was subtotally resected because of the possible damage produced by 
the previous explorations and thyroidectomy, and also because of the extensive bone 
disease The remnant was swung anteriorly behind the manubrium on the venous 
pedicle The thymus gland was left intact 

In this patient, prolonged search was obviated by scrutiny of the neighbor- 
hood of the thymus 

Discussion — The first patient in whom a parathyioid adenoma was found 
111 the anterior mediastinum b)'^ the direct appioach through the sternum was 
Case 6 of this series It was this patient s seventh operation seeking the 
tumor ^ One week latei , 111 another patient, we removed a parathyroid 
adenoma from a similar position by teasing it out with fingeis introduced 
through the neck incision Both tumors lay opposite the second intercostal 
space, and in letrospect it was believed that the fiist tumoi could have been 
pulled out by the same procedure had its position been accuiately known 
Since then, two more tumors hidden from view^ have been fished out of the 
anteiioi mediastinum, and in the last publication on the surgical problem from 
tins hospitaB it w'^as stated that “splitting of the sternum to afford a direct 
visual appioach to the anterioi mediastinum is a procedure that will rarely 
be required ” 

Since publication of this article, experience has modified this point of 
view' First, a patient, not included in the series of proven cases suspected 

* Gordon-Ta\lor and Handlej’^* have also reported the removal of a parathyroid 
tumor bj a transsternal approach 
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of having a mild degi ee of hyperparathyroidism was operated upon The en- 
tire neck and posterior mediastinal legions were explored, three asymmetri- 
cally placed normal pai athyroids, but no adenoma, were isolated The anterior 
mediastinum was searched by palpation with fingers Nothing further was 
found and the fallacy of this blind procedure was then appreciated If this 
patient indeed had the disease, the tumor would have been small and, there- 
fore, not palpable * 

In addition, there are the two patients mentioned above under Multiple 
Adenomata (page 721) who piesumably have a second adenoma (mild hyper- 
parathyroidism remains following the removal of the one adenoma), and who 
have had their anterior mediastinum explored digitally f Finally, there is 
Case 50, with the adenoma which was totally inaccessible With this one 
definite and three probable failuies (to recover a parathyroid tumor from the 
anterioi mediastinum via the neck incision) to our debit, a reevaluation of the 
sternal-splitting operation was imperative 

The direct approach to the anterior mediastinum has now been employed on 
five patients The adenomata of three of the nine patients with previous un- 
successful opei ations wei e found by this approach , m only one of these. Case 
57, did we proceed directly to the thorax without first reexplormg the neck 
In the fourth patient, Case 54, the use of the second-stage followed the first- 
stage as outlined in this paper 

The fifth time the anterior mediastinum has been exploied through a di- 
vided sternum was m a boy, age 14, in whom hyperparathyroidism was ex- 
cluded by operation Acute atrophy of bone had simulated hyperparathyroid- 
ism His case is reported elsewhere 

The illegitimate employment of the sternal-splitting operation will raise 
the operative mortality of hypeiparathyioidism The complications of open- 
ing the thorax are greater than those of exploring the neck but not greater 
than those of attempting to explore the thorax from the neck If the anterior 
mediastinum must be explored, it is as safe to do so directly at a second op- 
eration, and this operation will be successful The only way to prevent the 
increase m the mortality rate of the surgery of hyperparathyroidism is to make 
certain by an adequate first-stage operation (neck and posterior mediastinum) 
that the second-stage (anterior mediastinum) is essential 

SUMMARY 

The problem of the surgeiy of hyperparathyioidism resolves itself into 
training of the eye, undei standing the abnormal physiology of parathyroid 
glands and recognition of their widespread distribution 

* Since no further ureteral stones have appeared and the metabolic changes remain 
questionably abnormal, direct exploration of the anterior mediastinum has not been 
advised and the nature of this patient’s fourth gland is not known 

T One of the two patients, Case ii, had developed carcinoma of the thjroid between 
the primary and secondary operations The other. Case 40, has had to undergo a 
gastrectomy since his parathyroid operation Exploration of his anterior mediastinum is 
contemplated 
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The incidence of enlarged parathyioid glands in the mediastinum in 6o 
proven cases, fiom the Massachusetts General Hospital, is reported 

The difficulties in discovering these glands m the anterior mediastinum are 
reviewed, blind dissection with fingers is uncertain and as hazardous as the 
direct approach by splitting the sternum 

The operative plan as employed at present at this hospital is desciibed in 
detail The search is divided into two stages In the first, the neck and pos- 
terior mediastinum are explored In the second, the anterioi mediastinum is 
opened to dissection undei dn ect visual control by splitting the sternum This 
second-stage must be reserved until after an adequate first-stage operation 

The large number of cases of hyperparathyroidism diagnosed at the Massachusetts 
General Hospital speaks for the tradition of metabolic research of our medical colleagues 
The success in proving the diagnosis and benefiting the patient is a result of the versa- 
tility of Dr Edward D Churchill’s surgical point of view The author is indebted to 
him not only for sharing the operative assignment of parathyroid disease but also for 
his criticism 
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Discussion — Dr Frank H Lahey (Boston, Mass) I wrote to the authors, 
when they invited me to discuss this paper, that I would only accept the invitation with 
the statement that I had not had a large evperience with this problem On the other 
hand, we have dealt with some of these intrathoracic parathyroid adenomata It is an 
interesting subject It is one that needs frequent discussion, and it is particularly inter- 
esting to hear this paper from the Massachusetts General Hospital, where so much 
pioneer work has been done on this subject 
I am sure that Doctor Cope will not 
feel offended if I reiterate what he has 
already said, that this represents the com- 
bined efforts of the medical men at the 
Massachusetts General Hospital, who have 
been interested m metabolic disease there, 
and the surgeons, and all of us who have 
anything to do with hyperparathyroidism 
must feel a deep sense of obligation to the 
men in the Massachusetts General Hospital 
who have done this work They have done 
the pioneer work m this country to estab- 
lish this disease on a sound basis 

Figure I shows a patient with an intra- 
thoracic parathyroid adenoma which I re- 
moved , and demonstrates the degree of 
chest collapse and round back which can 
develop in these large parathyroid adeno- 
mata It IS interesting that Doctor Cope 
and his group have demonstrated the re- 
lationship of the intensity of the disease 
to the size of the tumor Figure 2 is a 
roentgenogram of this patient, with shadows 
marked out, the lower shadow being the 
arch of the aorta, and the upper shadow the 
adenoma m the mediastinum Note the 
amount of vertebral body collapse Figure 
3 shows about two-thirds of the tumor removed from the mediastinum 

On the other hand. Figure 4 is a roentgenogram showing a mediastinal adenoma 
which has become cystic, which probabl)"^ never produced any symptoms That was 
removed last year, without difficulty, from the mediastinum 

So we have at least the problem that we can have some of these adenomata not 
producing the degree of decalcification that goes with the usual case 

One of the problems with which we have had to deal is the mtrathjroid parathyroid 
adenoma We have found three mtrathyroid parathyroid adenomata and, as the author 
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Fig 3 Fig 4 

states in his paper, the parathyroid adenoma which is apt to be intrathyroid due to the 
fact that It rests against the side of the larynx, where the upper lobe presses on the 
larynx, is the superior parathyroid 

Now, I would like to saj just a few words for those general surgeons who do not 
deal with these cases in large numbers In the paper, there is stressed the fact that 
there should not be removal of normal parathyroids We have had to operate on some of 
these, in which two of the parathyroids have been removed, and so it presents a verj 
serious problem One should learn, in dealing with thyroids, what normal parathjTOids 
look like Since we have transplanted 300 microscopically proven parathyroids in the 
course of thyroidectomies, we have acquired a considerable knowledge of at least the 
normal location and the appearance of normal parathyroids 

The successful demonstration of parathyroid adenomata will have to do with good 
exposure, dry fields, good lights, experience with what a normal parathyroid looks like, 
and mobilization of the thyroid gland You must, if you look for these parathyroids, 
tie all the venous connections of the parathyroid gland, which are to the internal jugular 
You must then elevate the thyroid gland out of its bed, ligate the superior thyroid 

732 



Volume 114 
^ umber 4 


HYPERPARATHYROIDISM 


vessels, and detach the upper pole from the larynv, so the gland is adherent only by its 
attachment to the trachea You must palpate through-and-through, and, following this, 
you must, at a later date, in all probability expose the mediastinum We have exposed 
the mediastinum in three cases A very satisfactory way, after splitting the sternum, 
IS to insert the right-angle retractor in the split mediastinum, and then turn it into the 
longitudinal position, which spreads the manubrium, so the mediastinum is exposed 

I cannot close this discussion without saying what an excellent paper this is I have 
read it over thoroughly, and I said to the author that no 15-minute presentation of this 
paper could do it justice When you read it, I think you will all agree that it will play 
a very great part in later making easier for all of us the discovery of some of these 
adenomata of the parathyroid which, up to now, have been overlooked 

Dr Edward D Churchill (Boston) In the natural eagerness to find the para- 
thyroid tumor, the importance of identification of the normal glands must not be for- 
gotten To put the matter simply, don’t go afield looking for a lost sheep until you 
have counted the ones that are safe in the fold As soon as the presence of a large 
prolonged search directed toward finding normal parathyroids Carefully observe and 
record the positions of the normal glands Then, by exclusion, it may be possible to go 
directly to the site of the missing parathyroid adenoma 

Dr Olivfr Cope (Boston, closing) I might emphasize just one point a distinction 
should be drawn between a normal gland and an uninvolved gland in a person who has 
hyperparathyroidism due to adenoma Doctor Churchill has called attention to the 
advisability of identifying normal glands One of the reasons it has been hard to find 
so-called "normal glands” when looking for an adenoma, is that due to atrophy of disuse 
they ha\e lost their normal color and are smaller These atrophic, uninvolved glands 
are more difficult to distinguish than the normal glands encountered during the course 
of a thyroidectomy 


733 



OBSERVATIONS ON INTRATHORACIC NEOPLASMS* 

John Alexander, M D 
Ann Aubor, Mich 

FROM THE DEPARTMEM OF SUROERl, nNI\ ERSITT OF MICIIIOAN ANN ARDOR, MICH 

INTRATHORACIC NEOPLASMS aic great dissimulators Whereas, their 
usual symtoms are cough, sputum that may be blood-tinged, dyspnea and 
pain, a surprisingly large proportion of patients with mtrathoracic neoplasms 
present a combination of symptoms, physical signs, and even loentgenographic 
shadows that initially suggests virtually any of the commonplace diseases of 
the chest I have recently seen patients with bionchogenic carcinoma who 
were vaiiously treated foi pulmonary tuberculosis, cardiac disease with 
pulmonaiy embolism, asthma, chronic bronchitis, pulmonary abscess and 
delayed resolution of pneumonia foi from one to i6 months before the true 
diagnosis was suspected and made A patient with a primaiy sarcoma of 
the lung, which was fiist observed as a silent ciicumsciibed shadow, was 
advised by a well-known internist to have a check-up roentgenologic exam- 
ination in fiom three to six months, at four months the shadow had not 
increased m size and a latei roentgenogram was advised , the patient had 
this made one year latei, at which time the tumoi filled nearly three-quartei s 
of his hemithorax (Fig 3) A patient with an mtrathoracic spindle cell 
sarcoma, that overlapped the left border of the heait, was treated by a heart 
specialist with digitalis for 13 months for caidiac enlargement and a muimur 
that suggested mitral stenosis A patient I have recently seen with a neuro- 
fibroma was treated for diaphragmatic hernia for six months, and anothei 
was treated for scoliosis with low back pain foi 15 months Many of the 
tiagic consequences that such mistakes entail may be avoided by a critical 
examination of some of the diagnostic eriois that aie likely to lead to mis- 
taken diagnoses Space will not, however, permit a complete discussion of 
those nonneoplastic lesions that may be mistaken foi neoplasms 

In the piesent communication, I shall piesent chiefly those personal 
observations on inti athoracic neoplasms that have been made by my colleague, 
Cameron Haight, and myself, during a peiiod of many years Many of the 
statements I shall make, and advice I shall offer, aie based on lessons we 
have learned from diagnostic and other eriors we have made in meeting 
situations for the first tune that have not been adequately described by others 
or that have been only incidentally mentioned m case reports I shall not 
undertake, at this time, to present a s}'stematic discussion of the diagnostic 
and technical surgical phases of the subject, as they have been well presented 
m the recent excellent monograph of Heuer and Audi us, m the text-books 
of Graham, Singer and Ballon, Sauerbruch, and Lihenthal, and in the articles 

* Read before the American Surgical Association, White Sulphur Springs, W Va , 
April 28, 1941 
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of Hainngton, Deiik, and many others I shall, m short, present here chiefly 
those observations that seem to me of great practical impoitance and that 
have not been discussed oi sufficiently emphasized m previous publications 
An oidinaiy cold, influenza, pneumonia, hi onchiectasis, or pulmonary 
abscess is often the fiist condition to attract attention to a thoracic illness in 
cases of neoplasm Pi essui e upon the bronchi and lung by an intrapulmonary 
01 extrapulmonar}'’ tumor m some way probably initiates the pulmonary 
infection in many cases The error m failing to diagnose a neoplasm with 
leasonable promptness m such cases arises when the persistence of a cus- 
tomaiily self-limited infection, oi atypical developments in chronic infections, 
do not arouse sufficient suspicion to cause the physician to investigate the 
case further The occurrence, the persistence or the aggravation of pain, 
d5'^spnea, or cough is especially suspicious of neoplasm in such cases 

Tuberculosis and asthma aie frequently, and whooping cough is occa- 
sionally, mistakenly diagnosed in cases of intrathoracic neoplasm Cough, 
blood-streaked sputum, fevei, night sweats, fatigue, and pleural pain suggest 
tuberculosis, and the roentgenographic appearance of some cases of broncho- 
genic carcinoma may resemble atypical forms of tuberculosis, but the per- 
sistent absence of tubeicle bacilli from the sputum should arouse a suspicion 
of tumor The paroxysmal coughing that occurs in many cases of neoplasm 
may be mistaken for whooping cough The asthmatoid wheezing caused by 
mtrabronchial growths or by extrabronchial pressure has been diagnosed as 
true asthma innumerable times The confusion is promoted by the fact that, 
like neoplasms, asthma peisists and often giadually becomes worse, and by 
the further fact that adrenalin and certain other drugs that relieve the attacks 
of asthma may also relieve the asthmatoid wheezing produced by tumors 
through reduction in vascular congestion Furthermore, an eosmophiha 
may occur with uncomplicated neoplasm 

Although pleural effusion occurs with some neoplasms, an encapsulated 
effusion or empyema, especially an interlobar one, is often diagnosed as the 
only lesion when no effusion whatever exists The chance of a mistaken 
diagnosis of empyema is increased if the patient has fever, leukocytosis, night 
sweats, and loss of weight, as he may have with some forms of uncomplicated 
neoplasm, whether benign or malignant Although the physical signs may 
be the same in pleural fluid and neoplasm, the history and roentgenologic 
findings m a huge majority of cases of neoplasm aie sufficiently chaiactenstic 
to lead to a correct diffeiential diagnosis 

Among the manifestations of cardiocirculatory disease that may be 
simulated by intrathoracic neoplasms are anginal pain, cardiac murmurs 
(from direct pressure upon, or rotation of, the heart), abnormal electro- 
cardiogram from direct invasion of the cardiac wall by a malignant neoplasm, 
apparent cardiac enlargement, palpitation, dyspnea, cyanosis, venous dilata- 
tion (usually, however, confined to the supply beds of either the superior 
or mferioi vena cava), apparent enlargement of the liver (from depression 
by a large intrathoracic tumor), and aneurysm The differential diagnosis 
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between an aortic aneurysm and a mediastinal neoplasm is at times very 
difficult because then roentgenographic shape, size, and position may be 
identical, because a patient with a neoplasm may happen to have a positive 
Kahn reaction, and because the fluoioscopic and kymographic determination 
of whether a mediastinal mass has expansile or only transmitted pulsation 
may be impossible I have deliberately explored two such cases, in which 
the clinical situation was desperate, believing them to be aneurysms (which 
they were), because there was a small but reasonable chance that a removable 

neoplasm might be found In another case — 
that of a nonsyphilitic, arteriosclerotic man with 
a circumsciibed nonpulsating tumor lying snugly 
in the lower left costovertebral gutter — -I operated 
expecting to find a neurofibroma but found an 
aneuiysm instead On the other hand, I have 
lemoved a solid mediastinal neoplasm that was 
attached to the aortic arch, and which an excel- 
lent roentgenologist stated had expansile pulsa- 
tion (Fig i) 

Arthritis, usually accompanied by hypertrophic 
pulmonary osteo-arthi opathy, not rarely occuis 
early in the course of the thoracic symptoms 
arising fiom intrathoracic neoplasms Willard 
Van Hazel has recently leported five cases of malignant tumoi and two cases 
of benign tumoi in which the sudden onset of arthritic symptoms and joint 
changes occurred from one month to one yeai hefoie any thoracic symptoms 
of the neoplasm appeared In seveial of these cases, the arthntic symptoms 
and signs disappeared within a day or so of the lemoval of the tumoi s While 
I have seen many cases in which arthritic symptoms and clubbed fingers and 
toes were apparently a part of the neoplasm syndrome, I have seen only one 
in which there was sudden relief of the arthntic symptoms following the re- 
moval of the tumor, a 1,760 Gm spindle cell myxofibrosarcoma All the teeth 
of this patient had been extracted for his presumed aithiitis 

Pam m the chest, neck, arms, or abdomen is one of the most valuable of 
all symptoms m suggesting the possible presence of an inti athoracic neo- 
plasm Pam may first occur with some form of pulmonaiy infection and 
for weeks or months may be intermittent m character The mistake is fre- 
quently made of attributing a progressive thoracic pain to a simple pleurisy, 
intercostal neuralgia, or spinal arthritis, and of attributing pain in the neck 
and shoulder region to arthritis or diaphragmatic pleurisy, in the arm to 
angina pectoris or neuralgia, and 111 the abdomen to gallbladder disease, 
gastric or duodenal ulcer, or other abdominal lesion 

When a diagnosis of an intrathoracic neoplasm has been made, the 
important questions arise as to whethei the tumoi is benign or malignant 
and, if malignant, whether it is probably completely removable An accurate 
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Fig I — Fluoroscopicallj , 
transmitted pulsation of a tumor 
maa be mistaken for evpansile 
pulsation because the outward 
thrust of a circular or irregular 
tumor by transmitted pulsation 
may create the optical illusion of 
e\pansile pulsation 
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^935 a female, age 54, with hypertension, had in acute upper respiratory 
accompanied by sudden djspnea cough without sputum and fe\er for onlj two dajs 1,000 cc 
clear, stiaw colored pleural fluid were aspirated and then the roentgenogram showed a tumor 
row, left 2233s, before aspiration, right, 3 4 35, after aspiration 
, tJuring the nevt five >ears the patient had fairlj good health except for some dyspnea, a sensation 
ot tightness in the chest ind several brief attacks of pleurisj She had no cough sputum or hemop 
, ^°^''*Sooograms in 1937 showed an increase in the growth of the tumor The postero anterior 
roentgenograms of Tebruarj 1940, are reproduced in the middle row The patient was 
nr-oro, surgical treatment bj a well known clinic in Tebruarj, 1940, because of the risk of 

troublesome” sjmptoras^’ bj pertension , the long duration of the disease, and the few 

becaifse^of ”the^da'rfvpr^t*r>"if bj Dr R L Pott, of Grand Rapids, in March, 1940 I advised operation 
the tumor lipransp^of A? alreadj overworked heart from direct pressure by the increasing size of 
severe nai’n After tnkine malignancj , and because of the probabilitj of the development of 

.'."'.•X™'* “ ■“ 

numerous ^foam S Weller as a rather cellular xanthofibroma •with 

to «ciir if nm comnleteh rumored to be considered sarcomatous but which might be expected 

postoperative shock and "as completelv removed on 72540 There was onlj mild, brief 

froA?i W6o to Ta2/7a operation with a blood pressure of 
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preopeiative pathologic diagnosis of inti athoi acic neoplasms, apart fiom 
esophageal carcinomata and those bronchogenic carcinomata that can be 
biopsied endoscopically, and those neoplasms that have mfiltiated the thoracic 
wall or have metastasized to a site from which a biopsy specimen may be 
obtained, is viitually impossible Exception may be taken to this statement 
on the ground that an exact diagnosis can frequently be made from a needle 
aspuation biopsy specimen I advise against aspnation biopsy m any but 
exceptional ciicumstances because (i) the preopeiative detei mmation of the 
cell type and of benignancy oi malignancy does not determine operability, 
(2) the introduction of a large needle into a tumor may cause hemorihage 
inside or outside it, may cause a cyst to rupture or to spill possibly infected 
contents, may produce a cerebial embolism oi, if the tumor is malignant, 
may produce an implantation metastasis in the needle tiack of the thoracic 
wall, (3) the introduction of a large needle into an intrapulmonaiy tumor 
across a pleural cavity that may not have been obliterated by adhesions may 
cause pyogenic organisms from the lung to infect the pleural cavity, thereby 
gieatly reducing the chance of a successful removal of the tumoi 

As many benign neoplasms are potentially malignant and as a leasonably 
laige proportion of malignant tumoi s can be lemoved completely, virtually 
every case of intrathoracic tumoi should be piomptly explored surgically 
(i) If there is no evidence of metastasis or ii removable invasion of the 
adjacent thoracic wall, (2) if the patient’s general condition does not contra- 
indicate the operation, and (3) if the tumor is not a lymphoblastoma 
Mediastinal tumoi s with a circumscribed border are especially difficult to 
diagnose, lymphoblastoma, deimoid cyst or teratoma, aneuiysm, mediastinal 
abscess, a mass of tuberculous nodes 01 of caicmomatous nodes of which 
the primal} carcinomatous lesion may not have been discovered, fibroma, 
lipoma, thymoma, vaiious forms of nonlymphoblastomatous sarcoma, and 
miscellaneous other neoplasms must be considered When there is doubt as 
to the diagnosis, as theie frequently is, and when an enlarged lymph node 
is not available for microscopic examination, the patient should be given a 
theiapeutic test dose of deep roentgenotherapy in order to detei mine whether 
the lesponse indicates the piobable piesence of a lymphoblastoma I cannot 
emphasize too strongly that, with rare exceptions which may be disregarded, 
this is the only proper use of roentgenotherapy as a diagnostic or theiapeutic 
measuie in possibly opeiable thoiacic neoplasms I have seen a number of 
patients with both mtrapulmonary and exti apulmonary malignant neoplasms 
who lost their lives because they were denied surgery at a time when their 
tumors weie probably completely removable, merely because the tumors had 
temporarily decreased slightly in size as a result of roentgenotherapy By 
these remarks I do not intend, of couise, to deny the great palliative, tem- 
porary benefit that roentgenotherapy may bestow upon certain patients with 
inoperable intrathoracic neoplasms 

In the last paragraph, I stated that eveiy inti athoi acic neoplasm, uith 
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certain exceptions, should be piomptly explored surgically While it is tiue 
that many benign and even some malignant tumois giow veiy slowly and 
can be safely removed aftei a long peiiod of obseivation, it is equally true 
that a much larger numbei of tumoi cases suffer seiiously or fatally fiom 
the delay caused by a period of observation Inci easing experience has 
shown that many stiictly circumscribed inti apulmonary and exti apulmonary 
tumors, which were formerly geneially considered as benign, aie malignant 
If, therefore, circumsci ibed tumors ate observed foi one or more months m 
an effort to deteimine whethei the late of giowth indicates bemgnancy or 
malignancy, the malignant tumors aie likely to become inopeiable because 
of metastases The case shown in Figure 3 illustiates the fallacy of lehance 
upon rate of giowth foi the determination of bemgnancy or malignancy 
Recently, I saw in consultation a patient who had had a small, well-circum- 
scribed lesion in the hngulai portion of the left lung which inci eased only 
slightly in size duimg an 18-month peiiod of obseivation, duiing the last 
few months of obseivation an abscess formed in the lesion and obstructive 
bronchial symptoms finally led to a bi onchoscopic diagnosis of carcinoma, 
which was then inopeiahle As neoplasms that are actually benign often 
unexpected!}'- become malignant (perhaps after the teimination of a peiiod 
of obseivation designed to deteimine bemgnancy 01 malignancy), and as 
benign tumors may slowly or rapidly giow to enormous size, seriously 
impairing the function of the lungs and mediastinal oigans, when the risk 
of their removal is many times gi eater than the risk of their removal when 
small, theie is a leal danger to life 111 delaying operation for benign tumois 
Fuitherniore, the degenerating central poitions of enlaiging benign tumois, 
or the contents of dermoid or other cysts, may perfoiate into a bronchus, 
the tumois theieby becoming secondaiily infected and densely adherent to 
their sunoundings The giowth of neui ofibi omata aiising m or near an 
intervertebral foramen, may proceed into the spinal canal, producing spinal 
cold paralysis 

If, as I believe, all benign and malignant neoplasms, with ceitain excep- 
tions, should be promptly explored surgically, it follows that surgical explo- 
lation should be cairied out foi those wholly silent neoplasms that aie acci- 
dentally discovered in the couise of a loutine physical examination (Fig 3) 
They aie as dangerous in the silent stage as m the symptomatic stage If the 
tumoi should be malignant, metastases may occui while the patient and 
physician aie awaiting the possible occui lence of troublesome symptoms 
Smgical lemoval is the only cuiative treatment of eithei benign or malignant 
neoplasms 

In the pieceding paiagiaphs, emphasis has been placed upon the diffi- 
cult} 01 impossibility of detei mining befoie operation in many cases "uhether 
a tumor is benign 01 malignant, and upon the importance of piompt opeia- 
tion unless metastasis or imasion of the thoracic ^^all indicates that the 
tumoi IS malignant and lrlemo^able Obviously, an effort should be made 
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to deteimme if such invasion or metastasis has occuiied Caieful palpation 
for an enlarged cervical or axillary lymph node, the microscopic examination 
of which might show malignancy, has not larely determined inoperability 
The routine examination of the entiie body, including the liver, spleen, kid- 
neys, bi easts, uterus, prostate, and testicles for possible pi unary or meta- 



Tig 3 — Primiry intrapulmonarj sarcoma The roentgenograms showing the small tumor were 
made in Nor ember, 1939 and the larger tumor in December, 1940 fire da>s before total pneumonec 
tomj The sjmptomless tumor rras discorered in Jiilj, 1939 during a routine physical examination in 
another clinic where the patient rras adrised to reduce his excessire rveight (223 pounds at time of 
pneumonectom> ) and to hare another roentgenologic examination in from three to six months As the 
Norember 1939 (four months later) roentgenograms showed no growth, the patient rras advised to 
have another roentgenologic checkup later (rrliich he deferred for a jear) In October 1940, a ‘cold 
rras follorred bj persisting d>spnea, pain and cough with rvhitish blood streaked sputum Broncho 
scopic biops> showed a submucosal sarcoma 2 cm distal to the left upper lobe orifice Thorough exam 
inations revealed no extrathoracic pnmaij neoplasm Pathologic examination of the remored lung 
sliorved an intrapulmonary, encapsulated, soft, gelatinous whitish, spindle cell sarcoma that had 
characteristics suggesting only local nialignancj and an origin from a neurofibroma Two l>mph nodes 
remored from the surface of the esophagus immediatelj belorv the inferior pulmonarj rein showed 
no evidence of metastasis The patient rras discharged from the hospital 46 dajs after operation in 
excellent health except for a small residual empjema Patient referred bj Dr E F Sladek, Traverse 
City, Michigan 


static lesions is obviously important Even though no renal mass can be felt, 
a circular, circumscribed intrapulmonary tumor is sufficiently suggestive of 
a metastasis from an hypernaphi oma to justify pyelograms 

Malignant erosion of ribs, vertebiae, or steinum, m contradistinction to 
the thinning of bone by simple pressuie, can be determined in some cases 
only from Potter-Bucky roentgenograms made in suitable projections 
Thoiacoscopy after the aspiiation of pleural fluid and the substitution of air, 
may reveal the parietal pleural implantation of a malignant tumor that 
roentgenograms may have failed to disclose, otherwise, thoiacoscopy almost 
never is capable of determining operability or of furnishing information of 
value that cannot be obtained by other means As approximately 75 per cent 
of bronchial neoplasms aie visible bronchoscopically, bronchoscopy is not 
onl}’^ imaluable in determining the type of the lesion but, more importantl} 
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from the surgical point of view, the exact position of the lesion in the 
tiacheobronchial tree Bronchoscopy may also furnish information of value 
in some cases in uhich the neoplasm has not arisen m the larger bronchi 
Pneumoperitoneum is occasionally useful in distinguishing between supia- 
diaphi agmatic and mfi adiaphragmatic neoplasms 

The following symptoms and signs aie strongly suggestive of a malignant 
neoplasm and of inopei ability Dysphagia, paralysis of the recurrent laryngeal, 
01 phienic nerve, Hornei’s syndiome, hemoirhagic pleuial fluid, serous 
plemal fluid in the piesence of a small tumor, dilated veins, a sudden increase 
in the size of a tumor, seveie pain, and rapid loss of weight None of these 
symptoms or signs should, howevei, be accepted as absolute proof of eithei 



Fig 4 — At the time of the left hand roentgenogram (4540) the patient a male age 47, t\as 
admitted to a well known tuberculosis sanatorium because of fatigue and blood>, mucoid sputum, of 
one month’s duration but without pain, anemia or loss of weight Tuberculosis w is tentati\el> 
diagnosed During the following four months, nine examinations of the sputum were negative for 
tubercle bacilli A malignant neoplasm was promptlj suspected but operation was deferred because 
of two negative bronchoscopic examinations, and in spite of the progressive growth of the lesion as 
seen in the subsequent roentgenograms of 7 9 40 (middle) and 9 i 40 (right) 

Total pneumonectomj, on 9 23 40, revealed medullarj squamous cell carcinoma. Grade III, the 
bronchial origin of which in the right upper lobe bronchus was bejond bronchoscopic vision Manj 
mediastinal Ivinph nodes were removed which showed metastases The patient died, 1241, from 
cerebral metastases There is a reasonable presumption that pneumonectomj at the time the first 
roentgenogram was taken would have cured the patient Patient referred bj Dr HiIIis Seaj, Hunters 
ville, N C 


malignancy or inoperability as all of them have been observed in cases of 
benign neoplasm Homer’s syndrome may occur with a benign neurofibroma 
involving the sympathetic chain The sudden increase m the size of a tumor, 
while strongly suggesting malignancy, may be due to hemorrhage within a 
degenerating benign neoplasm oi to the rapid increase in the secretions of a 
cyst, pel haps from infection Well circumscribed extrapulmonary neoplasms 
nia) be malignant, although most of them are benign Most circumscribed 
mtrapulmonary neoplasms, hoMe\er, are malignant bronchogenic carcinomata 
(Fjg 4) bile most neoplasms that are not well circumscribed are malig- 
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nant, such neoplasms may be benign, the loss of sharp definition at the edge 
of the tumor being due to inflammatory changes m the adjacent lung or 
pleura, or to localized collapse or atelectasis of the adjacent lung 

It IS appaient fiom the statements m the last and othei paragraphs that, 
apart from the diagnosis of malignancy from a biopsy of the tumor, or from 
a demonstrable metastasis, there aie no reliable criteria from which the 
benign or malignant character of an intiathoracic neoplasm can safely be 
determined The patient’s safety, therefore, depends upon a prompt explor- 
atory operation 


SURGICAL CONSIDERATIONS 

Preoperative pneumothorax larely adds information of value except in 
distinguishing between a pulmonary, as compared with a mediastinal or 
thoracic wall, origin of a tumor, which information does not alter the indi- 
cation for operation The statement has often been made that a preoperative 
pneumothorax is valuable m accustoming the patient to the conditions that 
will obtain at the time of operation m that pneumothorax stabilizes the medi- 
astinum and, by shunting a laige amount of blood into the lung of the 
opposite hemithoiax, prepares that lung for additional work I know of no 
evidence that supports this opinion, and there is good evidence that contra- 
dicts it The wounding of the lung by the pneumothorax needle or the tear- 
ing of pleural adhesions and the lung by an increasing pneumothorax might 
cause a tension pneumothorax, a serous effusion, or an empyema, which 
might delay, complicate, or prevent the intended operation 

Immediately before operation, the internal saphenous vein at the ankle 
should be exposed for the introduction of a blunt needle, and 5 per cent 
glucose 01 normal saline solution administered, slowly at first Since the 
routine administration of intravenous fluids during and after the removal of 
mtrathoracic neoplasms was begun in my clinic, the condition of the patients 
has been definitely improved, and in a number of unusually difficult and 
shock-pi oducing operations the continuous instillation of fluids, including 
blood, has probably been life-saving The delay occasioned by the introduc- 
tion of an intravenous needle ajtei the actual necessity for fluids has become 
apparent may be responsible for fatal shock The vein is exposed for the 
introduction of a blunt needle because this is more likely to function con- 
tinuously than would a sharp needle introduced by puncture An ankle vein 
is chosen because a needle in an arm vein might be disturbed by the operat- 
ing team 

For anesthesia, I prefer intratracheal cyclopropane, perhaps with a small 
dose of avertm, m conjunction with piocame infiltration of the skin in the 
line of the intended incision, and of the intercostal nerves Intratracheal 
anesthesia is valuable when administered by an expert anesthetist, but by no 
means indispensable Should difficulty be encountered in the introduction 
of the tube, sufficient traumatic damage might be done to the throat and 
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larynx to interfere with easy lespiiation and expectoration after operation 
Traumatic inflammation of the trachea \iould cause abundant tenacious 
secretions that might lead to serious complications Fuithermore, the laiyiix 
of a small child may not accept a tube with a sufficiently large attached 
aspirating cathetei to peimit the adequate aspiration of abundant tenacious 
secretions from the tiachea, with the result that the patient might suffocate 
during the operation From ten to 15 degrees of the Tiendelenburg position 
of the operation table should be used m ordei to piomote the diainage of 
pulmonary secretions toward the trachea and mouth, and m ordei to prevent 
the gravitation of mouth secietions to the lungs 

While certain neoplasms of the thoracic wall may propeily be removed 
extrapleurally, virtually every intrathoracic neoplasm should be lemoved by 
a transpleuial appioach The chief reason for this is that the wide exposure 
of the tumor that is obtained, in contradistinction to the lelatively narrow 
exposuie affoided in the couise of an extrapleural operation, adds greatly 
to the patient’s safety because of supeiior orientation of the mediastinal and 
other relationships of the tumor and because of the additional room given 
for the difficult opeiative manipulations Fuithermoie, expeiience has shown 
that even a tedious, tmie-consummg attempt to keep fiom teaiing the parietal 
pleura is usually unsuccessful A tiny tear may allow a laige amount of an 
to pass into the pleuial cavity and build up dangeious pressure upon the 
lungs and mediastinum If infection should occur 111 an extrapleural space, 
it would be tiansmitted to the general pleuial cavity thiough a tiny tear in 
the parietal pleuia The traumatic seious effusion that forms as a result of 
the removal of an inti athoracic tumor and that usually requiies one or more 
aspirations, may be lemoved moie readily and safely fiom the bottom of the 
pleural cavity (wheie it collects when a transpleuial approach has been used) 
than from the bed of the tumor (wheie most of it would collect if an extra- 
pleuial approach, without teaiing of the pleura, has been used) 

The exact site of the incision in the thoiacic wall for the best exposure 
of a tumoi IS a matter of major importance Many surgeons prefer an 
anterioi incision foi tumors that are in the anteiior pait of the chest In spite 
of the apparent 1 easonableness of this choice and the fact that the skin inci- 
sion may be concealed beneath a woman’s breast, I gieatly piefer a long 
posterolateial incision foi almost all anteiioi inti athoracic tumors, for the 
following reasons (i) The wider field of exposure affoids better orientation 
and more loom for the opeiative manipulations, especially in the mediastinum 
posterioi to the tumor, and gives an almost equally good exposure anteiior 
to the tumoi (2) The posterolateral approach gives splendid access to 
tuinoi s in the dome of the thorax, wheieas an anteiioi appioach gives poor 
access because of the inteivention of the clavicle and subclavian vessels 
ciossing the first rib In certain cases, however m which a tumor is invading 
the anteiioi thoracic wall, an anterior incision is preferable to a posterior 
incision and, in rare cases, a sternum-splitting incision for a combined extra- 
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pleural-mediastinal and cervical opeiation is best (3) The postoperative 
stability of a posterolateial incision is greater than that of an anterior incision 
When the posterolateral approach has been chosen, a study of cases illus- 
trated in the hteratuie shows that in a surprisingly large percentage of them 
the wi ong rib has been resected for the best exposure of the particular tumor 
As a result, one or more additional ribs have needed to be resected or 
divided in ordei to obtain adequate exposuie of the tumor, thereby weaken- 
ing the thoiacic wall during the important postoperative peiiod In a con- 



Tig s — When access to an e\trapulmonar> tumor in the 
anterior two thirds of the chest is gamed through the resection of 
the posterolateral portion of a rib the error is often made of 
resecting that rib whose posterior portion overlies the center of 
the tumor in the postero anterior roentgenogram In the case 
illustrated in the diagrams this rib would be the eighth which 
would be far too low As the widest working space is approM 
mately between the posterior and anterior axillarv lines, the fifth 
rib should be remoaed for the best exposure of this tumor 


siderable number of reported cases, four or five ribs have been resected or 
divided for small or medium-sized tumois foi which the resection of a single 
rib to the midaxillary or anterior axillaiy line should have been sufficient 
In the case of tumors situated in the middle or anterior thud of the chest, 
the common mistake is made of choosing for resection that rib whose posterior 
end overlies the center of the tumor m the posteio-anteiior roentgenogi am , 
the removal of the posterolateral poition of this rib places the surgical work- 
ing space far too low in relation to the tumor (Fig 5) 

For tumors that he 111 contact with the posterior thoiacic wall, a less 
extensive length of rib should be resected than for tumors in the anterior 
two-thirds of the chest, this 11b should be the one that approximately ovei- 
lies the upper thud and lower two-thiids of the tumor in the postero-anterior 
loentgenogiam As most tumors lying snugly in the costovertebral gutter 
cannot be removed satisfactorily after the resection of only one rib, one or 
more adjacent ribs and intercostal bundles usually need to be divided 
posteiiorly so that, when the ribs have been separated, a triangular opening, 
with Its base posteiiorly over the tumor, is foimed The removal of a 2-cm 
length of a 11b close to the tip of the vertebral transverse piocess and entirely 
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beneath the saciospniahs muscle is piefeiablc to the simple division of a iib 
because the lesection of a 2-cm poition prevents the postopeiative pain that 
would occui fiom the nibbing of the dnided ends against one anothei 
Dulling and wiring the iib ends togcthei as a pait of the closuie of the 
wound IS eiitiieh unnecessary if the 
2-cm poition that was resected lies 
entnely beneath the saciospmahs 
and if the incision thiough the bed 
of the long length of iib that w'as 
icsected is fiiml) closed 

The posterolatei al lesection of 
the seventh i ib is usually used foi a 
lower-lobe lobectomy, of the sixth 
nb if both the lower and middle (oi 
lingulai poition of the left upper) 
lobes aie to be remo\ed, and of the 
fifth nb if the entire lung is to be 
lemo^ed Seveial suigeons, w'ho 
have had much expeiicnce with to- 
tal pneumonectomy, prefer the an- 
terior appioach. a peiimammary 
incision, splitting of the pectorahs 
major over the third intercostal 
space and a pai asternal incision of 
this muscle over the caitilages that 
are to be duided, a long third mtei- 
costal space incision and the division of the thud, fouith, and peihaps also 
the second and fifth costal cartilages I have used both appi caches foi total 
pneumonectomy and greatly piefei the postei olatcral approach Incidentally 
lobectomy and pneumonectomy, as w^ell as the removal of exti apulmonai y 
neoplasms, whether by the postei olateial or anterioi approach, may be earned 
out through an intercostal incision wnth oi without the division of one oi moie 
libs or caitilages, but without the icsectioii of any nb The incision thiough 
the thoiacic wall is, howevei, facilitated by the lesection of a nb, which later 
legeneiates from the peiiosteum 

The rapid opening of the nb spreader often causes a leflex stoppage of 
lespiration foi a few moments The spieadei should be tempoiaiily relaxed 
until normal bieathing has i eestabhshed itself, and then gradually leopened 

The pi eponderance of opinion among thoracic suigeons is that both mtra- 
pulmonary and extrapuhnonary neoplasms should be removed m one stage 
when feasible 

If encapsulated extrapuhnonary tumors aie appi cached fiom within the 
pleural cavity, the parietal pleura and any subjacent “false capsule” tissue 
should be incised over the tumor and the dissection cai i led out in the extra- 
capsular tissue plane Since the chance of complete removal of a densely 
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adherent cyst wall is enhanced when the dissection is carried out upon an 
intact cyst, every effort should be made not to lupture the cyst Likewise, 
caie should be taken not to tear the capsule that sometimes occurs around 
soft, friable, extrapulmonary malignant neoplasms since further operative 
manipulations in the presence of a teai of the capsule are likely to cause 
successive parts of the tumor to break away, with sharp accompan)’’ing 
hemoirhage that can be checked onl}^ by pressuie 

A broad surface of the lung is often diffusely and rathei firmly adheient 
to large extrapulmonary tumois Separation can usually be effected by 
gentle fingei dissection, with the occasional use of sharp division of tough 
adhesions that might cause more ot less deep teats of the lung, if an attempt 
weie made to ruptuie them with a fingei The piofuse brief momentary 
hemoirhage that often occurs is best controlled by the temporaiy snug pack- 
ing of the cleft between the lung and the tumor with dry gauze Persisting 
bleeding points on the law suiface of the lung require ligation, and areas 
of injured alveoli and bionchioles from which an continues to leak should 
be oversewn with fine catgut Heuer and Andrus recommend the resection 
of a “lappet of lung” that might be torn by tbe piimaiy separation of its 
adhesions to the tumor Such a resection would obviously be obligatory if 
the tumor were actually invading the pulmonaiy tissue 

Most extiapulmonaiy tumors receive their blood supply at scatteied 
points on their circumfeience, rarely (except m the case of neui ofibromata 
arising from an intercostal neive or the sympathetic chain) can the surgeon 
discovei a single well-defined pedicle Numerous thick bands of tissue con- 
necting the capsule and mediastinal or other tissues may, however, require 
ligation Heuer and Andrus recommend the placing of a Shenstone lobec- 
tomy tourniquet around the site of origin of a tumor, especially one at the 
apex of the thorax, in case the tumor fills the operative field and thereby 
prevents the checking of hemorrhage and the guaiding of important medi- 
astinal structures under vision It is apparent that the surgeon would need 
to satisfy himself that the tourniquet did not include any important medias- 
tinal structure 

Since there is evidence to indicate that stimulation of the vagus or sym- 
pathetic nerve chain in the mediastinum may cause cardiac or respiratory 
stoppage, and since seveial actual cases of such stoppage have been reported 
as presumably due to the accidental operative stimulation of one or the other 
of these nerves, I recommend that the}^ be directly injected with i per cent 
procaine solution through a fine needle, if the surgical situation requires 
that they be distuibed by dissection oi if cii cumstances should lequire that 
they be divided Obviously, the vagus nerve should be injected infeiior to 
its recurrent laryngeal branch 

At intervals of from five to 15 minutes during intra thoracic operations, 
the lungs should be partly inflated by a model ate increase of the pressure 
111 the gas anesthesia apparatus in order to overcome a tendenc}’’ toward a 
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persisting atelectasis and nnpaned pulmonary cn dilation fiom piolonged 
pulmonaiy collapse Such mteinnttent inflation is especially iinpoitant when 
the lung on the side not being opeiated upon is paitially collapsed by a gieat 
displacement of the mediastinum 

Patients lequning total pneumonectomy oi lobectomy foi caicmoma oi 
othei neoplastic lesion of the lung ma) have bioad aieas of exceptionally 
dense adhesions between the visceial and paiietal pleurae that cannot he 
safely dnided by the customaiy alternating blunt and shaip dissection When 
such aieas of dense adhesion lepiesent an mflammatoiy leaction and not a 
neoplastic invasion of the thoiacic wall, the simplest method foi the separa- 
tion of the lung from the thoiacic wall is the incision of the paiietal pleiiia 
around the aiea of dense adhesion, followed In the extiapleuial sepaiation 
of the lung and its oicihing adheient pleuiae fiom the costal peiiosteum 
and intei costal muscles h} fnigei dissection In such cases, the line of 
cleavage in the extiapleiiral tissues can often be readily developed The 
leaving of a raw patch of thoiacic wall, unco\cied by paiietal pleuia, has no 
deleterious effect upon the patient’s postopei ati\ e course In pimciple, a 
somewhat similar maiieiuei ma} be used when a tnmoi is densely adheient 
to the costal periosteum, the peiiosteum ma} he incised just beyond the 
tumor and the densel} adherent peiiosteum and tumoi stiipped away as a 
unit from the rib, which, then, is left bare on its innei surface 

An air-tight closure of the incision m the thoiacic wall is iinpoitant, espe- 
ciall} with regaid to the pie\ention of sucking of an into the pleuial cavity, 
wdnch w'oiild piove to be a sciious postopei aluc complication (Fig 6) 
Closure of the long incision in the parietal pleura and in the periosteal bed of 
the resected rib may lie made with continuous oi mteiiupted sutuies placed 
close together, usually aftei lelaxation of the incision w'lth peiicostal sutures 
around the tw'o ribs adjacent to the pleuial incision Onl} laiely can the 
pleura and periosteum be sutured air-tight from the lateral edge of the sa- 
crospmalis muscle to the postei loi stump of the i esecled rib This gap m the 
air-tight closure of the pleura can, how'cvei, be coveied an -tight by suturing 
the lateral edge of the sacrospmahs muscle (which must, theiefoie, be caie- 
fully protected against being torn at the time it is sepaiated from the iibs at 
the beginning of the operation) to the intei costal muscles and to one of the 
pencostal sutures 

The lung should not be inflated by the use of highly positive pi essure m 
the intratracheal tube or face mask before closuie of the incision because theie 
IS evidence that such inflation may lupture pulmonary alveoli It is impor- 
tant, however, that the lung should be expanded as soon as possible after 
operation so that it will completely fill the pleural cavity The reasons foi 
this are (i) That the removal of all the an from the pleuial cavity pi events 
the driving out of this air by coughing into the layers of the thoracic wall , 
( 2 ) the complete expansion of the lung brings the visceral and parietal pleurae 
m contact with one another, pleural adhesions then tend to foim rapidly, 
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thereby preventing pleural infection or limiting it if it should occur, (3) 
complete expansion of the lung improves the cai diorespiratory functional 
leserve and, therefore, combats any tendency toward dyspnea, anoxemia and 
cardiocirculatoiy decompensation Partial expansion of the lung may be 
obtained before the completion of the opeiation by leaving a cathetei, attached 
to suction tubing, m the pleural cavity until just before the last suture that 
will produce an air-tight closure of the wound is to be tied Shortly 
after operation, a bedside roentgenogram, made prefeiably m the sitting or 
semisitting position, should be obtained in order to determine if moie than 
a little an remains m the pleural cavity If it does, it should be removed by 
needle aspiiation by means of “initial pneumothorax technic ” 

Space does not peimit an adequate discussion of the conditions 111 which 
immediate tube drainage should be used after the removal of intrathoracic 
neoplasms The indications for tube diamage are relatively rare, one of the 
most important being when any leakage of air from the lung (lesultmg from 
injury during the freeing of a tumor fiom the lung) peisists at the time of 
closure of the thoracic-wall incision Reliance upon intermittent needle aspi- 
ration of reaccumulating air might result in dangerous pressure upon the lung 
and mediastinum, and m progressive mediastinal and generalized body emphy- 
sema The drainage tube should be removed early — as soon as the roentgen- 
ologic and physical findings indicate that leakage of air from the lung has 
ceased Gross contamination of the pleural cavity fiom the spilling of the 
infectious contents of a tumor or from the opening of an infected lung may 
make immediate tube drainage advisable There is, however, an inci easing 
tendency not to dram such cases loutmely but to rely upon a thorough lavage 
of the pleural cavity and the application of sulfanilamide or sulfathiazole 
crystals if contamination has occuried, and upon the rapid and complete 
expansion of the lung by needle aspiration of all pleural air immediately aftei 
closure of the thoracic wall incision, m order to bring the visceral and parietal 
pleurae 111 contact, thereby eliminating the dead space and fostering pleuial 
adhesions that may wall-off pyogenic organisms before infection occurs 

The routine administration of oxygen during the first day 01 two aftei 
the lemoval of intrathoracic neoplasms is advisable The patient should be 
directed to cough and expectorate any secretions that may be in the bronchi 
at frequent, regular intervals in ordei to prevent anoxemia, respiratoiy dis- 
tress, 01 pulmonary infection from the accumulation of infectious secretions 
Any air that may remain in the pleural cavity after the initial postoperative 
aspiration as determined by bedside roentgenograms or physical signs, should 
be aspirated until Aurtually all the air has been removed A variable amount 
of pleural fluid forms for several days aftei every opeiation involving either 
the inner or the outer surface of the pleura This fluid should be aspirated 
daily, or every two 01 three days (depending upon the rapidity of its forma- 
tion, its amount, and other circumstances) in order to prevent its causing an 
unnecessar}' load upon the heart, great vessels, and lung from pressure, and 
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in 01 del to iemo\e a cultuie medium that might be used by any pyogenic 
oigamsms that had gained access to the pleural cavity 

CONCLUSIONS 

Dangeious delaj in the diagnosis of mtrathoracic neoplasms is frequently 
caused In then mode of onset symptoms, phtsical signs, and roentgeno- 
giaphic appeal ance being stiikmgly similai to those of the more common 
thoiacic diseases In the interpi etation of i oentgenograms, a diagnosis of an 
mterlobai effusion oi othei t}pe of encapsulated eflusion, simple atelectasis, 
tuberculosis bionchiectasis, pulmonaiy abscess pneumonia, oi nonneoplastic 
enlargement of the liilai or mediastinal hmph nodes is fiequently made when 
the lesion is actually a neoplasm 

The accurate pieoperatue pathologic diagnosis of intiathoiacic neoplasms, 
apaitfiom esophageal carcinoma and those hionchogenic carcinomata that can 
be biopsied endoscopically is viitualU impossible In man> instances, the 
suigeon cannot tell befoie opciation whethei the tumoi is benign or malignant 
and. if it should he malignant, -whethei or not it is lemovable As certain 
benign tumors aie potentiall} malignant and as many malignant tumors may 
he remo\ed completely cirtually cver\ case of inti athoracic tumor should be 
promptl}' exploicd surgically if theie is no evidence of metastasis oi hopeless 
invasion of the adjacent thoracic walls, and if the jjatient’s geneial condition 
permits 

Good lesults following the removal of intrathoiacic neoplasms, both wnth 
regal d to a low mortaht) rate and an uncomplicated convalescence, depend 
greatl} upon the obser\ance of ceitain special pieopeiative, opeiative and 
postoperative principles 
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Discussion — Dr Stuart W Harrington (Rochester, Minn ) I have been greatly 
interested in Doctor Alexander’s excellent presentation of intrathoracic neoplasms and I 
am pleased that he has emphasized the difficulties that are often encountered in establishing 
a definite clinical diagnosis in these cases He has emphasized the importance of insti- 
tuting surgical treatment early, which I believe is of paramount importance in those cases 
in which surgery is considered, but I do not believe that surgical intervention should be 
instituted until a thorough investigation is carried out both clinically and roentgenologi- 
cally The most important lesions to be ruled out before surgery is instituted are lympho- 
blastomata and aneurysms The clinical manifestations of these tumors are often meager 
and rarely pathognomonic, although they are always of great value when correlated with 
the roentgenologic findings in establishing a diagnosis and in determining the type of 
treatment to be instituted 

The roentgenologic examination plays a most important role not only in the recogni- 
tion but also in the differential diagnosis of these lesions Doctor Alexander has pointed 
out that all of these tumors are potentially malignant, and one of the important factors 
m their treatment is early surgical intervention before they have undergone malignant 
change Such early removal is made possible chiefly because of the roentgenologic recog- 
nition of the tumors As valuable as roentgenograms are m the diagnosis of these lesions, 
it is not always possible to make a definite diagnosis of the growth even when utilizing 
all of the roentgenologic methods now employed, and in many instances it is impossible 
to differentiate between benign and malignant lesions, which emphasizes the importance 
of surgical intervention without any appreciable time-interval of observation 

Doctor Harrington then demonstrated the value of the lateral roentgenograms in 
determining not only their importance in aiding in establishing a clinical diagnosis but 
also in their value in determining methods of approach The most common tumors in 
the anterior mediastinum are the teratoid tumors, the most common tumors located in 
the posterior mediastinum are usually the neurofibromata, and the tumors located in the 
midportion of the thorax and which are often the most difficult to differentiate roentgeno- 
logically, are usually the lymphoblastomata and aneurysms 

Dr Frank B Bfrry (New York, NY) I should like to mention one additional 
method of differentiation between the aneurysms and the tumors, and that is in the use 
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ot diadrast l^tra^ cnoush according to the technic of Robbe and Steinberg, which we 
have found most helpful 

I should like to stiess, as Doctor Alexandei has, the early operation or exploration 
foi these tumors, \\hich sometimes, as we ha\e found, has to be done over the protest 
of some of our medical colleagues, because it is certainly true that the smaller they are, 
the safer is the operation and the easier the removal 

We recently had an experience with a patient, a girl, age 12, who had a dermoid 
c\st of the mediastinum While she was 011 the medical w'ard a fluid level suddenly 
appeared m the cyst indicating a rupture into the lung Fortunatclj, the cyst did not 
become infected and remocal was effected w’llhout an\ accident 

I should also like to put on record that we ha\c had one case of a diaphragmatic 
hernia through the foramen of ]\Iorgagni, similar to that shown bj Doctor Harrington 
m that It contained oiiK omentum, and it was as much of a surprise to us as it apparently 
was to him 

Dr Edward D Churchill (Boston, IMass ) Doctor Alexander’s very instructive 
series of cases was chosen, with great skill, to show the difficult decisions w'e face in the 
surgical treatment of intrathoracic neoplasms He brought out one point that perhaps 
could be stressed a bit more, and that w as that the earh or the first s^ mptoms caused by 
many of these tumors are interpreted as an ordinarj unimportant complaint, usually 
pneumonitis or “pneumonia ” 

A few 3 cars ago, when the battle was raging between ad\ocates of resection of 
the prostate bj one method or another, someone said that Florida was full of elderlv 
gentlemen wearing penile clips I can sa> now, with the same exaggeration, that Florida 
IS full of elderlj gentlemen with cancel of the lung, who ha\e been sent there for their 
cough We see them wending their waj back about this time of 3 eat, or w’e see them 
being referred back north 1)3 Florida ph3sicians 

The point about rocntgenotherap3 is an important one Only if \er3 conclusive 
CMdence exists that the tumor is of the I3 mphoblastoma senes should a prcliminar3' trial 
with rocntgenotherap3 be gnen I am delighted to sec that radiologists are more 
and more inclined to refuse to give treatment w’lthout a pathologic diagnosis 

Now' about the question of operation In general, I agree with Doctor Alexander 
that w'C must take a stand for a liberal pohc3 of exploration in this t3pe of case Tw'enty 
3 ears ago thoracic surgery was concerned with the mechanical physiology of the thorax — 
such problems as the difference betw'ccn an open and a closed pneumothorax, pressure 
pneumothorax, mediastinal flutter, vital capacit3, and differential pressure anesthesia 
During this period, even our distinguished president w'as alarmed about w'hat he 
called the "Eclipse of Anatom3’’ by phvsiolog3, and gave an address before this associa- 
tion on this topic The word eclipse, howe^er, was w'lseK chosen, because no eclipse is 
ever permanent, and as soon as these questions were settled, the sun came out again 
In the past ten years thoracic surgeons have been busy w'lth the essential spade work in 
anatomy and pathology 

Now we are faced w'lth some very difficult physiologic problems of a new type 
Many of the patients concerning w'hom we are called upon to make a decision regarding 
operation present themselves with a ver3' low margin of respiratory reserve from degen- 
erative cardiorespiratory diseases 

We do not have to go back very far m the history of abdominal surgery to come 
to the time when technical advances applied solely on the basis of an anatomic-pathologic 
approach to surgery, resulted in catastrophies, particularly in the patients w'lth low 
margins of safet} Many of these catastrophies can be avoided to-day, by attention to 
physiologic phenomena, such as alkalosis, acidosis, inorganic salt balance, water balance, 
and hemo-concentration ’ 

The surgeon faced w'lth the type of decision that Doctor Alexander has portrayed, 
in a patient with a low margin of safety m cardiorespiratory reserve, from age, emphy- 
sema, cardiac insufficiency, or chronic pulmonary infection, must, at times, compromise 
Not infrequently, he must content himself with the argument In the case of this par- 
ticular man, his best chance lies in this not being a malignant tumor, rather than in mv 
being able to do anything effectively about it, if it is 

If the scope of thoracic surgery is to be further extended w'e need now to conduct 
a more intensive study of the disturbances peculiar to the patient with a low margin of 
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safety in cardiorespiratory reserve Many of the same problems that were faced m 
abdominal surgery will have to be reconsidered and modified for the physiologic functions 
peculiar to the thorax Not only problems of adequate oxygenation but of CO excretion, 
and the effect of COs retention on the inorganic salt metabolism must be taken into 
account Until these problems are solved we must, from time to time, be willing to 
maintain conservative limits both in the extent of operative procedures and even m the 
advocacy of exploratory thoracotomy 

Dr William D Andrus (New York, NY) Doctors Alexander, Harrington 
and Churchill have stressed the variation m the signs which may be associated with the 
neoplasms within the chest other than those of pulmonary origin As has been pointed 
out, careful study and care of these patients, together with modern methods of anes- 
thesia, make operation a relatively safe procedure 

The same criteria have come to hold m dealing with operations upon mediastinal 
and other mtrathoracic neoplasms that apply elsewhere Adequate exposure is of tre- 
mendous importance It is very much less dangerous to make a much wider opening m 
the chest m order to be able adequately to deal with the surroundings of a neoplasm 
than to be crowded for space 

Doctor Alexander has stressed the fact that none of the criteria which have sometimes 
been held to be characteristic of malignancy are absolutely accurate The location of 
the tumor is highly suggestive in many instances, as for example, the anterior and ante- 
rior-superior mediastinum in dermoid cysts However, the location of the tumor is no 
more accurate in determining the exact diagnosis or its benignancy or malignancy than 
IS the location of the gastric ulcer in determining its possible malignancy Size is no 
criterion, for some of the largest tumors may be benign 

I should like to stress the characteristic of one group of tumors which have seemed 
to us to be of considerable importance, namely, those that have reached a very consider- 
able size without producing pressure symptoms on the mediastinum Those tumors, 
while they may be embryonal and, therefore, possibly malignant in character, are in 
essence benign I am referring to the so-called fibrolipomata or fibrolipomatous myx- 
omata We have recently had two cases of this type, one of which weighed i,8oo Gm 
and yet caused no symptoms It was picked up casually on roentgenologic examination 
following, as in many instances occurs, a respiratory attack which seemed to call atten- 
tion to the tumor 

Another tumor, in a patient weighing about 92 pounds, proved to be a fibrolipo- 
myxoma of a questionable malignancy, and weighed nearly 4,000 Gm , m other words, 
close to 10 per cent of the patient’s weight This tumor was successfully removed, and 
the patient has made a satisfactory recovery 

In dealing with these tumors, it can be said that the tumors that can be removed 
are either benign, or the fact that they are malignant comes somewhat as a surprise after 
the pathologist has examined them Every eflfort should be made to remove these tumors 
completely, and this is particularly true of the dermoids, where the mortality is very 
much the lowest, and the cures very much the highest when the tumor is completelv 
removed 
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Reci:ni surgical irlaimlni of hypci tension has been directed, piimar- 
il). toward a sympathetic deneivation of the splanchnic aiea Seveial ap- 
pi caches have been employed Yential ihi/otomy consisting of mtiaspmal 
section of the loxiei six thoiacic and fiist two Inmhai anteiioi spinal nerve 
loots has been emplojed m a limited niimhei of patients Adson, Craig, and 
BiowiP leport 27 patients, and 1 -Ieuei- 21 patients tieated and studied by him 
and Page Both lepoits show a limited incidence of seiious surgical compli- 
cations, and the pioceduie appeals to have been abandoned Suhdiaphrag- 
matic lesection ol the splanchnic neiics and pait of the celiac ganglia togethei 
with lesection of the hist and second liimhai ganglia has been employed by 
Adson Allen and Adson lepoited its use m a senes of ovei 300 cases, wutbout 
an opeiatue death Blood piessiiie 1 eduction is given as good 01 fan in 31 
pel cent, and tempoiaiy 01 pooi 111 6 g pei cent of then patients Supradia- 
phragmatic extiaplcuial siilanchmcectomy consisting of lesection of a long sec- 
tion of the gieatei splanchnic neives above the diaphiagm together ivith the 
tenth eleventh, and twelfth thoiacic ganglia, the intenemng S3anpathetic chain, 
and the lessei splanchnic nerves, has been employed h)' Pcet m moie than 700 
patients Studies of 350 of these patients have been lepoited by Peet, Woods, 
and Braden * There was a 51 4 per cent significant 1 eduction m blood pres- 
suie They have opeiated upon many patients with advanced bypei tension 
Their opeiative moitahty is given as 3 4 per cent 

Celiac ganghonectomy and dcnei vation of the pei i-aortic complex of sym- 
pathetic neives and ganglia has been earned out by Ciile'^ in 213 patients 
Tiansdiapbiagmatic lemoAal of the low^ei foui thoiacic and hist, 01 first and 
second lumbai sympathetic ti unk ganglia togethei with a long segment of the 
splanchnic neive has been peifoimed by Smithwick'’ m a laige series of patients 
Emphasis is placed upon the impoi tance of the postopei ative postural hypoten- 
sion achieved 

A review of these repoits and of leports of smallei senes of similar opera- 
tions pel formed by other suigeons gives the impiession that although w^orth- 
while improvements have been obtained in some patients, the theiapeutic le- 
sults, as a whole, have left much to be desned Clinical and symptomatic 
benefit have been reported much moie frequently than blood piessuie lowei- 
ing A proper evaluation of the effect of any foiin of therapy in hypei tension 
is always difficult because of the variety of the symptoms encountered and the 

* Read before the American Surgical Association, White Sulph’^iT^nnKS W Va 
April 28-30, 1941 ’ ’ 
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difficulty of establishing a definite contiol The value of splanchnic aiea dener- 
vation in hypertension has been extensively debated 

The role of the sympathetic nervous system in expeiimental neuiogenic 
and renal types of hypertension has been reviewed m a pi evious report " It 
has been demonstrated that splanchnic area deneivation does not appreciably 
altei a normal dog’s blood pressuie, or the hypertensive response to increased 
intracranial pressure, or the level of the chronic neurogenic hypetension that 
follows division of the buffer or depressor nerves from the caiotid sinuses, 
heart, and aortic arch Complete paiavertebial sympathectomy in dogs, em- 
ploying a modification of the technic originally developed by Cannon and his 
associates® has been demonstrated to lower temporarily a normal dog’s blood 
pressure, to eliminate the hypertension response to increased intracianial 
pressure, and to lower the blood pressure of neurogenic hypertensive dogs for 
a time to the vicinity of the noimal These and other experiments suggested 
that total paravertebral sympathectomy might accomplish more in clinical 
hypertension than splanchnic area denervation alone, especially if theie should 
be an element of a neurogenic nature in clinical hypertension The recovery 
of some degree of central vasomotoi control following total sympathectomy in 
dogs, as previously repoited^ is incomplete It does suggest, however, that 
the vascular alteiations achieved by the operation m clinical hypertension might 
be limited m duration 

Studies related to experimental renal hypertension of the type developed 
by Goldblatt and his associates^® have offered little encouragement to sympa- 
thetic surgery in clinical hypei tension Tins renal type of hypertension per- 
sists in the experimental animal aftei total paravei tebral sympathec- 
tomy This obsei vation demonstrates that the vascular bed is under 

an influence, probabty humoral, the action of which is independent of the sym- 
pathetic nervous system If clinical hypei tension weie primarily renal in 
nature, the large splanchnic A'^ascular ai ea denei vated by operation u ould also 
be under the same humoral vasocostnctor influence 

The possibility of improving the blood supply of the kidney and thus alter- 
ing the formation of a renal pressor substance has been suggested by Peet 
Clinical studies of renal hemodynamics have, however, failed to show any 
consistent alteration following splanchnic area denervation in hypertensive 
patients (Foa, Woods, and Peet,^® and Corcoian, personal communication) 

The mechanism of hypertension m man is probabl}'^ complex It is gen- 
erally accepted that it is mediated by an increase of the peiipheral resistance 
offered by the vascular bed to blood flow The extent to which processes 
comparable to experimental renal or experimental neurogenic hypei tension 
may play a role in man m increasing the peripheral resistance has not been 
clearly demonstrated Grollman, Williams, and Harrison,^® Page, Helmer, 
Kohlstaedt, Fonts Kempf and Corcoran,’^" and otheis, are developing tissue 
extracts which they report to be effective in lowering the blood pressure of 
renal hypertensive dogs and hypertensive patients If these substances should 
prove to have specific action against the renal humoral mechanism, their use 
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in patients ^^ould contiibute a gieat deal towaid an nndei standing o£ the 
etiolog}^ and, possibly, also towaid the contiol of clinical hypei tension Until 
then availability and ultimate utility aie demonsti ated, suigical effoits m the 
tieatment of hypei tension appeal to be justified 

Total paiaveitebial s} mpathectomy might accomplish moie than splanchnic 
aiea denenation m the tieatment of hypei tension m man especially if, as is 
stated aboie, there should be a component of a neuiogenic natiiie m clinical 
hypei tension A technic has, theiefoie, been de\ eloped foi total paiaveitebial 
SI mpathectoni} This procedui c has been attempted on 1 1 patients wnth varj - 
mg degiees of success 

Tcclimc — The opeiation when earned to 
completion is undei taken m thiee stages, tw'o 
thoracic and one abdominal At each thoiacic 
operation the stellate ganglion and the entiie 
thoracic sympathetic ganglionated chain, the 
entire length of the splanchnic nei\e and its 
minoi blanches and the majoi poilion of the 
celiac ganglion of that side is lemoved An 
effoit IS also made, but without maiKcd suc- 
cess, to obtain tliioiigh the diaphiagm the 
first 01 fiist and second lumbai ganglia Fig- 
ure I shows the sunpathet 1C aiiatonu imoKcd 
The third stage, in those instances in which 
it IS employed, consists of a bilateial excision 
of the lemaming portions of the lumbar sym- 
pathetic chains dowm to oi including the fifth 
lumbai ganglion The opeiation is of neces- 
sity ti ansthoi acic and ti ansalxlommal The 
thoiacic stages weie peifoimed undei ethy- 
lene anesthesia, using positne piessuie 
thiough a face mask, and the abdominal op- 
eration undei either spinal oi ethylene-ethei 
anesthesia Long alligatoi foiceps, dissectois, 
hooks and scissois both stiaight and cuived 
have been devised foi dissection of the neive 



roots and branches A special oval-headed, 
malleable retractor is used foi the lungs and 
a heavy malleable loundheaded retiactoi wnth 
tw^o small hooks at the end foi letraction of 
the diaphiagm (Fig 2) 


Tig I — The rclntioiibhips of the 
stelHte s mghon, thoncic s>mpathetic 
chain, splanchnic ner\es, celiac gin 
glion, and first portion of the lumbar 
ssnipathetic trunk The pro'simitj of 
the cclnc ganglion and the diaphragm 
IS illustrated 


Figure 3 illustiates the location of the incisions The fiist incision is made 
m the axillary region ovei the thud rib wdiich is exposed and lesected to the 
extent of about 12 cm The thoi acic cavity is entei ed thi ough the 1 ib bed The 
lung IS retracted, the sympathetic ganglionated tiunk is located, and the pleuia 
overlying its upper five segments is divided Figuie 4 represents the exposuie 
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of the upper sympathetic chain and stellate ganglion The connections of the 
upper thoracic chain and stellate ganglia are severed The incision in the 
pleura is then extended ovei the sympathetic chain to the level of the eighth 
thoiacic ganglia exposing the beginning of the splanchnic nerve Figuie 5 
represents this poition of the exposuie The roots of the ganghonated tiunk 



Fig 2 — The special long alligator forceps, cur\ed and straight scissors 
dissector and hooks, o\al headed malleable lung retractor, and round headed 
hooked diaphragm retractor used in the thoracic s>mpathectom> The dissec 
tor IS 12 inches in length 

are cut down to the eighth ganglion, the 01 igin of the splanchnic nerve is freed, 
and the chain is dropped down into the lower thoracic cavity The incision 
in the chest wall is closed 

A second lateral incision is then made ovei the couise of the tenth rib and 
12 to 14 cm of its length is resected The thoracic cavity is entered through 
the rib bed The free end of the sympathetic chain is picked up and its 
remaining portion and the splanchnic nerve and its connections are dissected 
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Fir 1 — 1 lie position of tlic pntitiU (luniiR the thoncic opcntioii iiid 
tilt iocntioii ot the two inci'-um'- tistd Hit sttll itt ond upptr 8 ijinm 
thttic f, itiftln art dic^tctul frtt throu!,h tht upper iiici'iion iiid tht reiininder 
of the thoncic tniiik tht spl-iiichnic iitrvt the ctli ic RuiBhon and at timci, 
tht firct or first and stcoiid hiinlnr t, iiiRha art removed throuRh the lower 
incision 



Cotianij^ branches*^ of ofellate 
ijani^ion wifb alliijatoi scissors 


Tir 4 — The stellate ganglion and the upper thoncic sjnipathetic trunk 
exposed through the incision in the bed of the third nb The overlying pleura 
has been divided 
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free down to the diaphragm The pleura ovei tlie arch of the crux of the 
diaphragm is divided and the curved tip of the special round diaphragmatic 
retractor is placed in the arch Strong letraction on this instrument partly 
inverts the diaphragm and allows the celiac ganglion to be pulled up through 
the diaphiagm by traction on the splanchnic nerve after blunt separation of 
the adjacent diaphragmatic muscle This ganglion is lemoved as completely 



Fig 5 — The origin of the splanchnic ncr\e at the loner end 
of the operatne field exposed bj the incision through the third 
rih bed The ganglionated sjmpathetic ner\e trunk is freed through 
this incision down to D7 or D8 

as possible by dividing its distal connections The sympathetic chain is then 
followed down through the crux of the diapliiagm as far as possible and 
divided Success m obtaining ganglia lowei than the twelfth thoracic has been 
variable Figure 6 represents this portion of the exposure The thoracic 
portions of the sympathetic trunk, the splanchnic nerve and the celiac ganglion, 
and occasionally, also, tlie fii st or the first and second lumbar ganglia are thus 
removed A medium-sized Pezzar catheter is then inserted into the pleural 
cavit}'^ through a stab wound between the seventh and eighth ribs in the mid- 
axillary line and the incision is closed Air is evacuated fiom the thoracic 
cavity through the catheter and a negative pressure maintained for foui oi 
five days Figure 7 illustrates a photogiaph of the specimens removed from 
the chest of one patient 

Of the II patients, eight had the thoracic proceduies One of these died 
after the first stage and one after the second Thiee patients had both the 
thoracic and abdominal procedures Brief case reports aie presented 

ABBBEVIATED CASE KEPORTS 
BILATERAL THORACIC OPERATIONS 

Case I — J W , female, single, age 18 at the time of operation She had been 
observed to have a blood pressure of 176/124 three and one-half years earlier when seen 
in the Urologj Clinic because of nocturia Double ureter and kidney pelvis on the 
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Tic 6 — The cMiosure of the lower eml of the thorucic sjm 
pithetic trunk nnd of the spHnchnic ner\cs The celnc ginRlion 
ins hcen pulled up through the dnplirigm It is removed, as are 
also as man) of the lumbar ganglia as can be reached 




Fig 7 — A photograph of the operative specimens removed from Case lo during 
the bilateral thoracic operations The stellate ganglia, splanchnic nerves, celiac ganglia, 
and, on one side, the first lumbar ganglion arc shown 
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right was observed The patient had occasional periods of mild urinary infection and 
of albuminuria The blood pressure rose gradually in spite of medical management and 
lestricted activity until it ranged around 200/138 The patient complained of occasional 
severe headaches Eyeground examination revealed generalized attenuation of the retinal 
arteries There was a bilateral moderate exophthalmos Rest and 0 6 Cm of sodium 
amytal reduced the blood pressure from around 212/146 to around 170/120 The two 
stages of the bilateral thoracic paravertebral sympathectomy were carried out, w'lth an 
interval of tw'o w'eeks The blood pressure between the two operations w'as as high or 
higher than before After the second operation it fell, and three W’eeks later, at the time 
of discharge, ranged around 146/98 w'hen the patient w’as supine She has been observed 
seven months and two weeks following the procedure, and her last blood pressures are 
around 140/90 W'hen supine and 104/70 w'hen standing Dizziness on standing was 
noticed during the first month after operation The patient is now' active w'lth no 
complaints 

Case 2 — R B , female, married, age 25 at the time of operation She gave a 
history of nephritis, w'lth blood and albumen in the urine betw’een tlie ages of four and 
five Three and one-half years before operation she developed headaches Three years 
before operation she became pregnant and a blood pressure ranging around 180/1 10 w'as 
observed together w'lth albumen and blood in the urine A therapeutic abortion and 
sterilization were performed Six months later the headaches became more severe and 
a blood pressure of 220/120 w'as recorded Under medical management during the next 
two and one-half years, her blood pressure was observed to range around 180/110 In 
the hospital during the w'eek before operation, it averaged 168/104 During this period 
of three vears, there w'as no significant finding in the mine With rest and 06 Gm of 
sodium amytal her blood pressure dropped from 180/108 to around 140/90 The cold 
pressor test show'ed an elevation of 35 Mm Hg S3'stohc and 30 i^Im diastolic Eye- 
ground examination revealed increased tortuosity of the retinal arteries After the first 
stage, there was no change in blood pressure but after the second, there was a low'ering 
to around 106/64 during a six W'eeks’ postoperative period of observation She has now 
been observed 14 months, during which her blood pressure has ranged around 120/70 
supine and 100/64 standing The patient is active w'lth no complaints 

Case 3 — C D , female, married, age 33 at the time of operation Eleven and one- 
half vears earlier, during a premature deliverj, her sjstoiic blood pressure w'as recorded 
at 220 Mm Hg After delivery, her sj'stolic blood pressure varied from 180 to 220 
One vear and seven months before operation, she w'ent through an episode of precordial 
pain, dyspnea, and swollen ankles Six months before operation, she had a cerebral 
accident involving the right arm and leg and leaving extensive residual paralvsis Her 
blood pressure on admission w'as 242/148 During two weeks in the hospital, before 
operation it ranged between 286/170 and 200/120 The elevation with the cold pressor 
test was 20 Mm Hg systolic and diastolic W ith rest and o 6 Gm of sodium amytal 
the pressure fell from 260/160 to 220/145 Papilledema, hemorrhage, exudation, and 
other advanced eyeground changes were present Following the first thoracic operation, 
there was no reduction in blood pressure Immediately follow'ing the second thoracic 
operation, the blood pressure ranged around 140/80 The patient, how'ever, did not 
regain consciousness and 30 hours later developed respiratory failure Artificial respir- 
ation was continued for several hours after wdiicli time circulatory failure developed, 
with death Autopsy revealed a cavity in the left side of the brain 25x15x65 cm 
m length running from the central white matter of the frontal lobe posteriorlj' to the 
caudal extremity of the lenticular nucleus There was generalized cerebral arterio- 
sclerosis with old and recent foci of encephalomalacia and old and recent perivascular 
hemorrhages m the pons It is of interest that during the 30-hour postoperative period 
of reduced blood pressure, the patient excreted 1,600 cc of urine 

Case 4 — I M , married, female, age 38 at the time of operation, and had only one 
preoperative complaint, that of blurring vision requiring frequent changes in her glasses 
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Six months bcfoic operation hei blood picssuic was 220/120 Between then and the 
date ot opeiation, it ranged aioiind 210/118 In the hospital, the week before operation 
it aieraged 180/114 Eieground examination icvealed only generah7ed attenuation of 
the ictinal aiteries Rest and sodium aiii3tal loweied the blood piessure from around 
180/1 10 to around 135/90 The cold piessoi test eleiated the svstolic pressure 35 Mm Hg 
and the diastolic 25 ^fm The tno-stage thoiacic piocedure was earned out During 
the ly-dae mteixal Iictween oiieiations, no lowering of blood piessure was observed 
It ranged aioiind 150/102 dining the foiii weeks in the hospital after operation This 
patient developed a mixed psechoneurosis with sccondar\ depressions She fixed on the 
opeiation as the cause of all of lier troubles Hospitalmation was cairied out one and 
one-halt, two, and foiii and one-half months postoperatu eh because of this psjchiatric 
difliculte Her blood piessure during tiiese hospitaliyations averaged 166/96, 144/96, 
and 150/100 lespectneh She has since been more antagonistic, and one reading, seven 
and one-half months after operation, was 198/128 hing and 184/104 standing Ihe last 
blood pressure leadings, 12 months after operation, were 144/102 lying and 112/84 standing 

Case 5 — E R, a pooih nouiished male, age 40 at the time of operation He had 
tonsulted a plnsician foui and one-half ycais earlier because of lack of appetite, di7zj 
spells, and headaches His blood pressure then %aricd between 170/130 and 14S/90 It 
gradualh rose, and during the lliiec and one-half sears before operation langed from 
206/130 to 176/116 Fatigue headaches, and dizrmess persisted One seai before 
opeiation he had a mild cerebral accielent following which he could no longer peiforin 
his duties as a lathe operator During the week before operation his blood piessuie 
aseraged 178/116 Rest and 06 Gin of sodium anntal loweied bis blood pressure 
from 194/120 to around 165/105 The cold pressor test clesated it 24 Mm Hg sjstohc 
and 10 kill! diastolic Examination of the esc icvealed iiicgiilarity and niaiked nar- 
rowing of the retinal vessels and some arteriovenous nicking The two stages of the 
thoracic operation were performed 13 dass apart, with no blood pressuic low'ermg 
between Sixteen da\s later the patient was dischaiged The postoperative hospital 
blood pressuie readings aeeraged 126/86 During eight months of postoperative observa- 
tion the blood pressure ranged around 140/100 supine and 96/74 standing He has 
cccasionalh had mild headaches but the fatigue and poor appetite jicrsist and he considers 
himself unable to w'ork 

Case 6 — H S, male, age 42 at the time of operation A }ear and one-half eailier 
headaches developed and eight months ago his blood pressure w'as 190 systolic Six 
months before operation a cerebral accident occurred involving the light aim, leg and 
face and making speech difficult The blood piessure w’as 255/145 A month later 
lecovery of the use of the leg began and he was able to w'alk There w'as limited use 
of his arm at the time he entered the hospital FIis blood pressuie in the hospital 
before operation averaged 196/128 Sodium amytal low'crcd it from aiouiid 230/134 
to around 160/120 The cold pressor test elevation w-as 70 MniHg systolic and 60 Mm 
diastolic Eyeground changes consisted chiefly of constriction of the retinal aitencs 
with tortuosity of the smaller vessels The patient reeeived the thoracic operations wuth 
an interval of 14 days, during which theie w'as no change of blood pressure He then 
remained in the hospital six weeks during wdiich time his blood piessuie ranged around 
146/90 He has been followed postoperatively for eight and one-half months and dm mg 
that time has had a blood pressure ranging around 150/94 lying and 124/84 standing 
He has now no complaints and is active although unemployed 

Case 7— R E, male, age 48 when opeiated upon Four years before his blood 
pressure was reported to have been around 210/135 His complaints weie chiefly 
fatigue, dyspnea after climbing one flight of stairs, and distuibance of vision Eleven 
months before operation, hemorrhage and exudation were noted in the eyegrounds Six 
weeks before operation his blood pressure was as high as 272/172 Papilledema, with 
marked progression of the hemorrhages and exudates, were noted In the hospital 
before operation, the blood pressure ranged aiouiid 235/158 Rest and 06 Gm of 
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sodium amytal lowered it from around 210/140 to around 185/120 The cold pressor test 
gave an elevation of 50 Mm Hg systolic and 45 Mm diastolic Right thoracic sympa- 
thectomy was performed There was, as in the other patients, no lowering of blood 
pressure following this procedure Sixteen days later a roentgenogram of the chest 
revealed the lungs to be clear , and the patient was sitting up out of bed The second- 
stage operation was under consideration when he developed pneumonia followed by 
uremia, and, 21 days later, by death 

Case 8 — L F M , male, age 50 at the time of operation Four years earlier he 
developed severe headaches and noticed occasional dizzy spells During the last two 
years, these symptoms became more severe and the sjstohc blood pressure was over 
200 Four months before operation, a cerebral accident occurred with a paraljsis of 
the left arm and leg from which there has since been extensive recovery The blood 
pressure was 252/140 During the week in the hospital befoie operation, it averaged 
218/130 Rest and 06 Gm of sodium amytal reduced the blood pressure from 228/120 
to around 188/100, with two single readings of 166/88 and 150/90 The cold pressor test 
produced an elevation of 50 Mm Hg systolic and 30 Mm diastolic Eyeground exam- 
ination revealed a thickened, slightlv blurred nasal nerve fiber layer on the right disk 
and nicking, hemorrhage and exudation in the retina Urea clearance determinations 
were at the lower limits of normal Following the right thoracic svmpathectomy, 
cardiac decompensation and pulmonary edema developed These complications cleared 
up m about two weeks No blood pressure lowering was observed in the 25-day interval 
that preceded the second stage Cardiac and pulmonary complications were also observed 
after the second stage During the next five weeks in the hospital, his blood pressure 
ranged around 156/go supine Seven months after operation, he was admitted to the 
hospital for two weeks during which time his blood pressure readings averaged 160/90 
His readings in the out-patient department have been higher, ranging around 172/100 
supine and 134/104 standing 12 months postoperatively This patient while having less 
energy than formerly has no special complaints and is active 

BILATERAL THORACIC AND ABDOMINAL OPERATIONS 

Case 9 — A W, female, mariied, age 33 at the time of operation Five and one- 
half years earlier she developed albuminuria and a systolic blood pressure of 290 m tbe 
fourth month of pregnancy A therapeutic abortion was performed During the next 
two years, the patient had several attacks of precordial pain The blood pressure 
elevation continued Dyspnea, palpitation, and ankle swelling had gradually progressed 
She was first seen here at that time, and the blood pressure was 240/144 Eyeground 
examination showed the disks to be pale with hazy margins and tortuous capillaries on 
their surfaces Arteriovenous compression, small hemorrhages, and exudates were 
observed in the retinae Rest and 0 6 Gm of sodium amytal lowered her blood pressure 
from 230/128 to 204/118 Cold pressor tests produced an elevation of 20 Mm Hg 
systolic and 30 Mm diastolic Thiocyanate therapy was employed for four months with 
the blood pressure unchanged, averaging around 230/130 A bilateral supradiaphrag- 
matic splanchnic area denervation, as advocated by Peet,‘‘ was then carried out by 
Dr William Adams The blood pressure averaged 190/122 for one week and then 
returned to its previous level Three months later, thiocyanate therapy was again 
employed without appreciable effect Fifteen months later, an attempt Avas made to 
complete the sympathectomy using the technic described above All three stages ivere 
employed at one-month intervals Following each stage, there was some lowering of 
pressure until after the abdominal operation it averaged for two weeks 174/108 It 
then gradually rose until at two months it reached an average supine of 220/130 She 
has been observed ii months The last blood pressure reading is 254/154 supine 
and 192/120 standing The patient is moderately active rvith only occasional mild head- 
aches Swelling of the ankles is again evident 
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Case 10 — L M, \\idow, age 40 at the time of operation, and had had headaches 
for about four >ears She suffers from a se\ere anxietj neurosis that has persisted 
up to the present time, \\ith onh slight improvement The first blood pressure readings 
a Near and eight months before operation were 248/128 and 280/130 She was hospital- 
ized four weeks at that time, and the blood pressure readings averaged 236/128 Thio- 
ejanate therapN was without CMdent effect The blood pressure continued for a year 
and SIX inontbs around 250/134 with one high reading of 310/144 During four weeks 
ot hospitalization preceding operation, there was some improvement in the mental state 
and the a\trage blood piessure was 204/110 ENCground examination revealed minimal 
hemorrhage and exudate and marked nicking but no papilledema Rest and 06 Gm 
of sodium anwtal lowered the blood pressure from around 240/120 to around 160/90 The 
cold pressor eleiation was around 35 ^Im Hg systolic and 20 Iilm diastolic The blood 
pressure during the la-dai interval between the thoracic stages was unchanged Fol- 
lowing tlie second stage it ranged around 180/96 for two months The abdominal sjmpa- 
tbectomj was then performed Tlie blood pressure during the next three w'eeks ranged 
about the same lc\el Four months later a single reading was 280/154 The patient 
was readmitted to the hospital for a week and the blood pressure a\eraged 192/108 
Her latest blood pressure readings, 10 months aftei the third stage range around 
224/124 supine and 160/90 standing She is actne, and states that she feels better 

Case II — HcK T, male, age 44 at the tunc of operation The blood pressure is 
known to ba\e been eleiated for sc\cn jears, starting around 180/ no and gradually 
increasing to around 210/130 The complaints were occasional headaches and attacks 
of numbness usuallj unilateral, iinohing the arms and legs E\eground examination 
re\ealed earh edema of the disks with marked pernascular sheathing of the retinal 
\essels Rest and 06 Gm of sodium amytal lowered his pressure from around 200/112 
to around 158/90 The cold pressor response w'as 40 Aim Hg svstolic and 70 Mm 
diastolic Because of the possibility of an adrenal tumor, the abdominal sympathectomy 
including division of most of the splanchnic ncr\es was performed first Exploration 
of the adrenal glands and kidnejs revealed no gross pathologj Following this, the 
blood pressure ranged around 158/108 for 20 dajs, at w'hich time the light thoracic 
s\ mpatliectonn was performed In the 23 da\s that preceded the left thoracic sympa- 
thectoni), the blood pressure was around 150/102 Following this, it ranged around 
128/80 for eight weeks All of these readings were taken with the patient supine The 
patient had a marked postural hjpotension, wuth extreme dizziness, and it w'as six 
weeks after the last operation before he could walk about and be discharged It is too 
earli to e\aluate the sjmptomatic change Six months after operation his blood pressure 
readings were 140/100 supine and 76/54 standing 

Summary — A three-stage technic foi lemoval ol the thoiacic and lumbar 
paravertebral sympathetic chains including the stellate ganglia, splanchnic 
nerves, and the majoi poition of the celiac ganglia has been described This 
operative procedure has been employed upon ii hypei tensive patients Three 
had only slight oiganic hypei tensive changes, foui bad bad ceiebral accidents, 
three were old, seveie long-standing hypei tensions, and one was a rapidly 
progressing severe hypertension with renal deficiency Two of these patients, 
one with marked brain damage, and one wutb maiked lenal damage, died 
The bilateral thoracic procedure only was employed in six patients and the 
three-stage procedure including the lumbar sympathectomy rvas employed m 
the remaining three A complete loss of srveating has not been achieved The 
iodine, starch, heat-sNveating test has shown occasional patchy areas of sweating 
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in the apparently deneivated areas in each patient Figuie 8 shows the daik 
aieas of sweating in Case ri after the three-stage proceduie, and in Case 6 
after the two-stage thoracic pi ocedure 

This extensive sympathectomy has been demonstrated to be compatible 
with a lelatively normal existence The patients diess more warmly in cold 
weathei and notice excess peispiration during warm weather m those areas 
still capable of sweating Dizziness associated with postuial hypotension has 



Case ii Case 6 


Tig 8 — The dark areas of sweating Msiialized b\ the iodine starch and heat test in Case ii 
after the three stage sympathectomy and in Case 6, after the bilateral thoracic procedure Areas of 
sweating are present in the regions supplied b\ the sympathetic trunks that have apparently been 
remov ed 

been tioublesome only dm mg the first few months The bilateral Horner’s 
syndiome has been distressing to only one patient, Case 4 A tiansient liypei- 
activity of the bowel has been noticed after each thoracic pi ocedure in maii)'^ 
of the patients The pulse late has been somewhat decreased The response 
to stimuli such as the cold piessor test has been either unchanged 01 slightly 
diminished The blood pressure lowenng lesponse to rest and sedation as in 
the sodium amytal test has been in most instances almost entirely abolished 
(Chart i) 

Some lowenng of blood pressure has been observed on each patient The 
loweimgs of the blood pressuie with the patient supine have varied fiom a 
tiansient one followed by a restoration to about the pievious hypertensive 
level in Case 9, to a lowering to relativety normal values over a peiiod of 14 
months of obseivation m Case 2 The lowenng of blood piessure with the 
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patient standing, sitting, oi walking about has been moie marked and is 
pi esent m all patients The patients have been followed f i om six to 1 4 months 
No blood piessuie loweiing vas obseived aftei the hist thoiacic opeiation m 
nine patients This selves as somewhat of a contiol foi nonspecific blood 
piessuie loweiing opeiative eflects The obseived blood piessuie low ei mgs 
seem to be 1 elated to the extensive lemoval of the sympathetic system 
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CiMRT I — Sho^MIlg the efTect of rest md o6 Gni of sodium Rin\t'il during the 
24 hour test periods on the blood pressure of Cnsc i before the biHteril thor'icic opera- 
tion and iS and loS da\s after this procedure The general blood pressure level is 
low er The sodium amj tal test after operation produced no additional lou ering 


Doctois Alving, Wiight Adams, and otheis^^ have conducted extensive 
caidiorenal studies on many of these patients befoie and aftei opeiation They 
have found no legulai significant change in the uiea cleaiance, the ability of 
the kidney to concenti ate urine, venous pi essui e, 01 ai m-to-tongue cii dilation 
time The heart rate and caidiac output undei basal conditions wds deci eased 
slightl}'- Studies of lenal blood flows glomeiulai filtiation late, and function- 
ing tubular mass have shown no significant change Renal blood flow in- 
creased in one patient and was eithei unchanged 01 deci eased in the otheis 
They conclude that such low^eiing of blood piessure as occuis aftei this exten- 
sive sympathectomy is due to a deci ease in peiipheral lesistance It is im- 
possible at the pi esent time to con elate this alteiation of peiipbeial resistance 
to any alteration of possible etiologic factors in these patients that might 
parallel eithei expeiimental neuiogenic 01 lenal types of hypei tension The 
role that eithei or both of these factois, togethei with 01 game vasculai patho- 
logic changes increasing the peiipheial lesistance may play in clinical hyper- 
tension awaits fuithei clai ification 
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CONCLUSIONS 

This IS a repoit of studies m pi ogress of the effect of extensive to total 
pai avertebral sympathectomy m h3'pertension and no conclusions are drawn 
as to whether oi not this operative proceduie will piove to be one of lasting 
meiit It IS a moie extensive opeiation and cariies a greatei iisk than does 
splanchmcectomy but it appears to lowei the blood piessure more consistently 
The results aie sufficiently encoin aging to wan ant finthei studies of the cases 
already operated upon and furthei opeiative trial in selected cases 

The author wishes to acknowledge his appreciation for the cooperation and aid 
given by Drs Alf S Alving, Wright Adams, Jerome Cans, Louis Leiter, Richard 
Sternheimer, Alf Haerem and others, of the Department of Medicine who have cooper- 
ated in the studv and management of these patients 
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Discussion —Dr R H Smithwick (Boston, Mass) \Vc have approached this 
problem from a rather different Mcwpoint than that which has been presented this 
e\enmg Our experience has been entirely confined to a study of hypertension m man 
We ha\e felt that hypertension m man, in itself, is a highly experimental and a very 
complicated problem There appear to be a number of \ariable factors which combine 
to result m hypertension 111 man I think there is one thing that we will all agree 
upon, and that is that nobody knows the cause of hypertension m man 

For tins reason, we ha\c felt that the best method of procedure was to start with 
the simplest operation that we thought might icsult in reduction of blood pressure 
Because of the upright position of man, w’c have felt that the splanchnic bed must be 
much more highly de\ eloped, in order to maintain blood pressure relatively normal m 
the \arious positions than is the case with the dog Therefore, w'c thought that it would 
be adMsable, following the lead of Adson and Feet, to dencr\ate the splanchnic bed and 
to see what the results of that procedure w'cre and, if w'e found evidence from our 
studies that further surgery was indicated, to proceed on the basis of evidence derived 
from our studies m man, rather than from evidence deduced from experimental w'ork 
A chart w'as show'ii by the speaker winch represented w'hat he considered a good 
result from partial dencr\ation of the splanchnic bed Our criterion for partial dener- 
vation of the splanchnic bed is that there is no significant change in blood pressure as 
the patient changes position Our criterion for complete denervation of the splanchnic 
bed IS a striking and precipitous fall in blood pressure as man shifts from the horizontal 
to the vertical position 

This patient is characteristic of the good results that we obtained, m a series of 
approximately 70 cases followed up to four years, by partial denervation of the splanchnic 
bed by one method or another This happens to be the result of a supradiaphragmatic 
splanchnicectomy by the Feet technic The patient is m the early stage of the disease, 
IS very young, and fulfills all the qualifications that w'c know of that would indicate a 
good result Her blood pressure has been within normal limits, except for possibly 
slight diastolic hypertension, for approximately four years One might wonder what 
further effect there w'ould be if this patient were totally sympathectomized Our feeling 
has been, and we have been interested in the question of more extensive sympathectomy 
for a number of years, that faced wnth a result like this, m our present stage of ignorance 
concerning this disease, we were not justified in proceeding with further denervation 
In these 70 cases of partial denervation of the splanchnic bed, our medical depart- 
ment came to the conclusion that nine and one-tenth per cent had results comparable 
to this , that IS, unquestioned persistent and significant lowering of blood pressure That 
figure IS considerably low'cr than has been reported by others, wnth much greater 
experience 

Some patients do not respond to partial denervation of the splanchnic bed, and in 
these, we wondered whether further denervation, more extensive sympathectomy, might 
be helpful A chart was here shown of a patient who was one of a number of failures 
of partial sympathectomy, and decided to proceed further First of all, before any 
surgery, she was followed in the out-patient department for several months, and while 
under observation developed an hemiplegia She recovered from that satisfactorily 
was followed several months more, and we decided to operate She had a supradiaphrag- 
matic splanchnicectomy in two stages, again the Feet technic We felt there was no 
significant blood pressure response following the operation 

We decided to proceed further I might say that in other cases before this instead 
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of proceeding downward, as we did in this case, we proceeded upward, in order to 
increase the magnitude of the operation to include the lower half of both thoracic sympa- 
thetic chains, not including the heart In no case who had failed to respond to the 
Peet operation did we get any significant response by proceeding higher in the thorax 
On the other hand, by pioceeding downward, we did, in a number of cases, observe a 
significant response In other words, by adding bilateral lumbar sympathectomy in two 
stages we derived a significant response Thus, in addition to the Peet operation, the 
first, second, and third lumbar ganglia were removed on both sides 

So we came, after a period of trial and error, to feel that complete splanchnicectomy, 
which resulted in postural hypotension in every case, might offer more for some of 
these individuals, and this was accomplished by removing the sympathetic trunks from 
D„ to Li or L_, inclusive, both sides, together with excision of the great splanchnic 
nerves from the semilunar ganglia to about the midthoracic level 

A chart was here shown demonstrating a typical good result from this procedure, 
showing a reduction of blood pressure to normal for two years in a patient with malignant 
hypertension 

We also wondered whethei in patients who did not respond to the combined supra- 
and mtradiaphragmatic operation further sympathectomy would be beneficial A chart 
was here shown of a patient who had been sympathectomized totally This was under- 
taken in seven stages, and we felt there was no significant response 

Our impression is that in patients who do not respond to complete sp!anchnicectom\ , 
further denervation probably will not result m significant lowering of blood pressure 
On the other hand, we feel that in those who do respond to complete splanchnicectoni)^, 
we are not justified in proceeding with further sympathectomy in the present state of 
our knowledge Such indications may arise in time, but it is our notion that thev had 
best be deduced from the study of hypertensive patients rather than from experimental 
animals 

Our percentage of significant and peisistent lowering of blood pressure following 
complete splanchnicectomy, as contrasted with partial splanchnicectom> , is as 65 per cent 
IS to 9 I per cent, at the present time 

In commenting upon the paper this evening, I think we have been presented with 
a very detailed and valuable study in a small series of patients It is difficult to compare 
this statistically at this time with other larger series However, I think that Doctors 
Crimson and Phemister are to be congratulated on the care and the detail with which 
they have studied their cases I think that time alone will tell w'hether total sympa- 
thectomy has anything more to offer these patients than less than total si mpathectomy 

Dr George M Curtis (Columbus, Ohio) From carefully controlled clinical 
studies such as these, and particularly from those which have growm out of previous 
laboratorj experimentation, much clinical physiology may be learned m evaluating the 
effects of the application of newer operative procedures Thus the application of pneu- 
monectomy to the treatment of lung carcinoma has led to the operating table demonstra- 
tion of the low blood pressure normally present in the pulmonary artery 

In sympathectomy combined with ganglionectomy m the tieatment of hypertension, 
we are thinking mainly of vasomotor effect, although secretory effects, and particularly 
those from the adrenal, have received due consideration Nevertheless, other visceral 
mechanisms are also involved when the lower thoracic sympathetic chain and splanchnic 
nerves are removed Thus, there is an ensuing increased motor activity of the stomach, 
perhaps due to the then unopposed action of the vagi (Arch Surg , 32, 577, 1936) 

However, we should be careful not to lose sight of the sensory fibers from the 
upper abdominal viscera Some of these pass upward through the splanchnic nerves, 
along the ganglionated cord and through the white rami to the dorsal ganglia and 
spinal cord In this surgical field, opportunity is thus afforded to learn something of 
the sensory impulses they carry It may be that they act in an important manner in the 
sensory defense of the upper abdomen 

Thus a number of clinical symptoms are closely associated with hypermotility of 
the human stomach Among these may be mentioned nausea, upper abdominal distress, 
or cramps, and certain ty pes of “gas pains ” Moreover, hy permotility njay be induced 
by" morphine with the production of upper abdominal distress and then controlled 
together w'lth the discomfort, b\ atropine 
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Y'et in the In pcrmotihly subsequent to bilateral splanchnie i csection, our lew patients 
ha\c not noted these accompanying disturbing sensations, such as would ordinarily 
accompany such evidence of increased gastric activity Is it possible that excision of 
the splanchnic nerses has also renioied an important sensory mechanism m the inter- 
pictation of Msceial eliaiige m the upper abdomen^ The answer to tins question obvi- 
ously has a practical clinical bearing and merits furthei clinical attention Perhaps the 
speaker mav also have a solution to the problem 

Our own consideration of the matter may be presented by showing a few charts 
Chart I shows the method wdncli we ha\e used foi studying the motor activity of 
tlie human stomach following unilateral and bilateral splanchnic resection The mk 
w'nter here obnates tlie smoked drum and makes tins w'ork possible in the clinic along 
with the white linen 

This is a roentgenogram showing the position of the balloon m the stomach, 
connecting through this tube to the kymograph 

Chart 2 IS that of a patient with an obstructive duodenal ulcei, showung a marked 
increase in gastric motihtv, and with it was associated severe abdominal pain Later, 
ensued a spontaneous remission of the increased motihtv wuth cessation of the upper 
abdominal distress 

Chart 3 is that of a patient who had, postopcratively, what arc commonly called 
“gas pains” or cramps and as these occurred he pressed a button, recording these 
simultaneously wuth increases in peristaltic action of the stomach Atropine intravenously, 
1/15Q gr, at this point was given, with cessation of the distress and the associated 
increased contractions 

Chart 4 is that of patient wuth duodenal ulcer, to whom morphine, 1/8 gram mtra- 
venoush, was gnen at this point Note the ensuing increased activity, both in frequency 
and amplitude Tins was accompanied by definite upper abdominal distress After 
giving atropine, 1/150 gr , intravenously, there ensued cessation of the increased motility 
and disturbed sensation Then prostigmme i to 2,000 was given at this point, which 
re\ersed the atropine effect and induced motility again This increased m amplitude and 
frequency and its occurrence was accompanied by pain Ephedrine at this point decreased 
the motility wuth an accompanying disappearance of the uncomfortable sensation Thus, 
we w'ould think that associated wuth gastric hypermotility there is usually abdominal 
pain or distress or discomfort (Trans West Surg Assn , pp 447-47:,, 1938) 

Chart 5 IS that of a patient w'ho had previously had a resection of the left splanchnic 
nerves and later of the right splanchnic nerves This operation, after the technic of 
Peet, w'as undertaken in tw'o stages Subsequent to this, there occurred a marked and 
persistent hypermotility of the stomach You see here the increase 111 amplitude and 
frequency, which lasted for five hours We have seen this increased activity persist for 
a period of six hours, wuth no complaint of discomfort or of other sensations ordinarily 
associated wuth hypermotiiityq whether occurring spontaneously or induced by morphine 
This IS another curve made from this same patient Note the increase in amplitude of 
the peristaltic w'aves Yet this patient did not complain of upper abdominal distress at 
that time (Am Jour Physiol , 120, 356, 1937) 

Chart 6 is that of a patient in wdiom a bilateral splanchnic resection was performed, 
according to the Peet technic You see ensuing increased gastric motility Yet with 
this hypermotility there w'as likewise no upper abdominal distress 

Thus, it would appear that the splanchnic nerves carry certain visceral sensations 
to the central nervous system, and that these are interrupted and, consequently, not 
interpreted following bilateral splanchnic resection The clinical import is obvious, and 
further consideration seems warranted 

Dr Ma\ M Peet (Ann Arbor, Mich ) I believe that we ought to study' our 
hypertension patients, both before and after operation, from every standpoint, not just 
blood pressure We ought to know the changes in the retina, the changes in the kidney, 
and in the heart So w'e have studied all our patients from every possible standpoint 
We have felt, as the others have, that the work is still experimental in many ways 
and w'e could best determine its actual value by using one particular surgical procedure’ 
We have operated upon some 700 patients now', using a bilateral supradiaphragmatic 
splanchnicectomy with the resection of a long segment of the greater splanchnic nerve 
aim excision of the tenth, eleventh, and twelfth thoracic sympathetic ganglia Often 
w'hen pulling up on the greater splanchnic, we actually see the top of the celiac ganglion 
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The excised portion of the greater splanchnic nerve extends from the eighth or ninth 
vertebrae to the diaphragm and measures, after removal, lo to 15 cm in length Excision 
of such a long segment probably prevents regeneration Occasionallj, the ninth thoracic 
ganglion is readily exposed and when this occurs it is removed with the tenth and 
eleventh Sometimes, the twelfth is deeply imbedded in the diaphragm, making its exci- 
sion impossible Under such circumstances, we have always cut the twelfth ramus, 
even though the exposure of this ramus required rather extensive division of the vertebral 
attachments of the diaphragm 

To rule out possible differences in individual technic, all the patients included in our 
very thorough follow-up studies were operated upon by me All have been studied 
preoperatively and again at a minimal postoperative period of at least nine months by 
the medical, cardiac, ophthalmologic, and roentgenologic departments of the University 
Hospital Pre- and postoperative studies included blood nonprotem nitrogen, water 
concentration, and urea clearance determination, electrocardiograms, orthodiagrams, and 
teleoroentgenograms, funduscopic examinations, and numerous blood pressure readings 
from both arms 

Only by such a thorough study can we evaluate any therapeutic procedure Many 
of our patients have been studied repeatedly for several years The longest postoperative 
period studied in any one patient, a man who before operation had a severe malignant 
hypertension, is seven years 

I submit the following tables from a paper on the Surgical Treatment of Hjper- 
tension, bv Peet, Woods, and Braden (JAMA, 115, 1875-85, November 30, 1940), to 
show you some of the results of bilateral supradiaphragmatic splanchnicetomy I believe 
these are as good as those obtained by the much more formidable procedure of total or sub- 
total sympathectomy The latter cannot as yet be definiteb evMuated since the series 
IS small, complete studies have not been made, and too short a postoperativ'e period has 
elapsed 

Table I 


BLOOD PRESSURE 

Number Per Cent 

Cases studied nine mos or later postoperatively (including deaths) 290 100 

Reduced (more than 40 Mm systolic and is Mm diastolic) 149 Si 4 

Unchanged 134 46 2 

Increased (more than 10 Mm systolic and s Mm diastolic) 7 24 

Cases M ith no data or dead before nine mos postoperatively 60 


If the 60 patients concerning whom no data were obtained or i\ho died before nine mos are considered 
as unchanged or worse the percentage of patients with significantly reduced blood pressure in the whole group 
of 3SO cases becomes 42 6 

Table I shows the results of splanchnicectomy 111 a series of 290 patients followed 
from nine months to seven years We have not considered any patient under nine months 
You notice that of 290 consecutive patients 149, or 51 4 per cent, hav^e had a reduction 
in blood pressure of more than 40 Mm sjstolic and 15 Mm diastolic, 46 per cent were 
unchanged It is possible that some of the latter might be improved further by either 
a higher thoracic or a lumbar ganghonectomy Onl> 2 per cent have increased here 

Tabi e II 


ANVLVSIS or lATIENTS WITH SIGNIHCANTLY REDUCED BLOOD PRESSURE 



Number 

Per Cent 

Number of cases studied 

149 

100 

Reduced to normal 

S6 

37 S 

(130/90 for ages 20 to 40) 

(iso/ioo for ages 40 to 70) 



Markedly reduced (but not to normal) 

IS 

10 I 

(More than 80 Mm systolic and 25 Mm diastolic) 

Reduced (but not markedly or to normal) 

78 

S2 4 


(More than 40 Mm systolic and is Mm diastolic) 

Thus of those cases in which there was significantly reduced blood pressure 47 6 per cent were reduced 
to normal markedly reduced or both 

Of the 149 cases that showed worth while reduction, 37 per cent have had reductions 
to what our medical department considered normal In other words, these patients 
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have had a normal blood pressure at a postoperative period from nine months to seven 
\eais Certainlj' this group of patients, representing 37 per cent of those with a signifi- 
cant reduction in blood pressure, did not need a more extensive sympathectomy 

The blood pressure was considered as markedly reduced but not necessarily to 
normal if the reduction was more than 80 Mm systolic and 25 Mm diastolic These 
constitute 10 per cent Those reduced more than 40 Mm systolic and 15 Mm diastolic 
but not markedlj or to normal, constitute the remaining 52 per cent It is significant 
that nearlv half of those with a reduction in blood pressure had such a striking result 
as to be classed as either markedh reduced or reduced to normal . 

I might remark that all the preoperative readings were made while the patient was 
quiet, usualh m bed, while the postoperatne readings W'ere made w'hile the patient 
was actue and going through various tests There is no postural change in blood 
pressure after supradiaphragmatic splanchnicectonn and resection of the low'cr thoracic 
sMupathetic chain 

A.S stated before, we not onlv studv the blood pressure but also the eye changes, 
cardiac condition, renal function, SMnptomatolog% , and ability to w'ork 

T\BLr III 

SUMM\R\ or RLSUITS OC SPI VNCHNICrCTOM\ PCRCL'-TVCL 01 C VSCS SrUDlCD SHOWING 
lMPRO\nMLNT (l ROM MNL MONTHS TO Sr\ LN ^EVRS Al TCR OPERATION)* 

Per Cent 


Blood pressure 

Reduced to normal 1 1 7 

Markedly reduced (but not to normal) 7 6 

Total cases significant!! reduced Si 4 

General disability 

Symptoms impro\ ed 86 6 

Complete recovery incapacitation SS S 

Total cases with improaement incapacitation 8i 3 

Ey egrounds 

Disappearance of papilledema when present 73 8 

Total cases with improvement dp 4 

Heart 

Heart size diminished 64 

Electrocardiogram improved 53 4 

Renal function 

Urea clearance improved 52 2 

Unne concentration improied 44 8 


* Statistics include those patients who showed improvement but who subsequently died 

Table III shows a summary of 350 consecutive hypertensive patients treated by 
bilateral supradiaphragmatic splanchnicectomy and lower dorsal sympathetic gangh- 
onectomy Fifty-one per cent had a w'orth w'hile reduction in blood pressure Symptoms 
were improved in 86 per cent Papilledema w^as absent in 73 per cent of those who had 
choked disks before operation Heart size was diminished in 64 per cent The kidne}-^ 
function w^as improved as follows Water concentration, 448 per cent, urea clearance, 
52 per cent Complete recovery from incapacitation occurred in over 55 per cent 

If we are going to evaluate any procedure for the treatment of hypertension, we 
must show not only improvement in blood pressure but improvement m heart size, m 
kidney function, and in other w'ays Bilateral supradiaphragmatic splanchnicectomy 
certainly fulfills these requirements as shown by the above statistics 

Recently we have compared our mortality after a five- to seven-year postoperative 
period wnth the Keith-Wagener table of similar patients treated medically These cases 
have been grouped according to the preoperative ocular findings Graphs i and 2 are 
from a paper by Woods and Peet which will appear in the Journal of the American 
Medical Association 

Group III represents a very serious type of hypertension manifested by spasm of 
the retinal arteries, hemorrhages, and often exudates It will be noted m Graph i that 
the mortality m Group III when treated medically is ver> high The same group wdien 
treated by splanchnicectomy has a much lower mortality 

Group ly (Graph 2) represents the so-called malignant type of hypertension and 
IS manifest by papilledema in addition to the retinal changes found m Group III 

771 



KEITH S CRIMSON 

October 1941 

(Graph i) The patients m this group have an exceedinglj poor prognosis It will be 
noted in Graph 2 that the majority of these patients died within the first yeai under 
medical treatment The mortality in the surgical group is much higher than in any of 
the other groups treated surgically, but is much more favorable than the corresponding 
medically treated group 

I believe the data here submitted demonstrates the value of bilateral supradiaphrag- 
matic splanchnicectomy, with resection of the lower thoracic sympathetic ganglia 



Graph a 


Dr Alfred Adson (Rochester, Minn ) About ten years ago, I was prompted to 
devise a procedure to alter the blood pressure of patients suffering from essential hyper- 
tension The operation was based on the principle that blood pressures decrease when 
high spinal anesthesia is employed The intent was to reproduce changes similar to 

772 



^w,tnt.ll4 SYMPATHECTOMY FOR HYPERTENSION 

Numbci -1 

those that oceui at the time spinal anesthesia is produced It consisted of bilateral 
ventral ihizotomy which included the roots on both sides from the sixth thoracic to the 
second lumbai veitebiae inclusive It was performed for the specific puipose of inter- 
ruption of the vasomotor nerves m the hope that such a procedure would relieve periph- 
eral resistance due to vasospasm Fortunatelj% some satisfactory results were obtained 
The magnitude of extensive laminectomy and rhizotomy stimulated me to alter the 
proceduie in ordei to make it less shocking The next procedure that I devised is 
bilateral subdiaphragmatic, extraperitoneal resection of the splanchnic nerves with the 
poition of the celiac ganglion and removal of the lumbai sympathetic trunks, including 
the first and second lumbar ganglia 

The results of this opeiation appeared to be equally as good as those that followed 
extensive rhizotomy However, it soon became apparent that not all patients responded 
equalh well to the operation Those who obtained the best results were those whose 
blood piessure receded to near normal values on rest in bed and who received sodium 
amvtal prior to operation It also became apparent that the relief of clinical symptoms 
often was greater than the actual reduction of blood pressure Patients who had 
beginning arteriosclerosis and those who already had sustained irreparable damage to 
the cardiorenal system obtained onh temporary or no relief from extensive sympathec- 
tomy 

Although various approaches and procedures are employed to interrupt the vasomotor 
control of a large vascular region, the problem of surgical treatment still remains one 
of experimentation since Goldblatt, Page, and many others have shown that ischemia 
of the kidney with the resulting development of a vasopiessor substance results in a 
state of hypertension that is not amenable to svmpathectomj Until such time that an 
antipressor substance can be produced and administered with safety, I believe we are 
justified in continuing extensive sympathectomy It should not be employed indiscrimi- 
nately in the light of our experiences May we hope that the operation suggested by the 
essayist will be more effective than those operations that are being employed 

Dr Lo\al Davis (Chicago, 111) As Doctors Crimson and Smithwick have 
pointed out, the question of hypertension is a very difficult one and none of us knows 
all of the exact factors involved in its production For this reason, it is important that 
we have a good understanding of what essential hypei tension means to each of us before 
we can understand one another and our results For us, the term “essential hypertension” 
includes those cases of chronic hypertension which neither clinically nor anatomically 
can be demonstrated to have evolved from an antecedent inflammatory disease of the 
kidnej^s or from urinary obstruction In addition to a high systolic and diastolic blood 
pressure, the changes in the blood chemistry and the clinical stages of the disease are 
the important factors which must be studied 

In our own experience, the majority of patients with essential hypertension react 
favorably to the correct administration of potassium sulphocyanate, but there is a group 
of patients who are resistant to the cyanates and it is to this group that we have devoted 
our attention in an attempt to do something for them surgically We have reported 
upon the fact that many of the patients who are resistant to the cyanates become sensitive 
following a bilateral supradiaphragmatic splanchnicectomy In our second senes, we 
are now performing a supra- and infradiaphragmatic section of the splanchnic nerves 
and removal of the first two lumbar sympathetic ganglia As yet, it is too early to 
report upon the results in these patients but we have the impression that this combined 
operation is more effective 

We aie interested in knowing whether or not Doctor Crimson’s experimental 
animals showed an increase m the hematocrit reading, blood protein, and cholesterol 
levels in addition to their high blood pressures This is true of the hypertension 
produced experimentally by ischemia of the kidneys, and, in our opinion, must be present 
to be correlated accurately with hypertension in man In our own laboratory, we were 
able to produce hypertension in the same manner as has Doctor Crimson, but’ the blood 
chemistry studies on those animals were never analogous to the blood chemistry findings 
m clinical hypertension 

It is only by adding together all of the results from the various surgical procedures 
which are being carried out on man and the experimental investigations, that we will 
be able to come to some understanding about a problem which is a very difficult one 
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Dr Norman E Freeman (Philadelphia) I have been following the work of 
Doctors Crimson and Phemister with great interest In our own studies, we were first 
interested in attempting to prevent the renal type of hypertension by sympathectomy 
Four years ago, Doctor Page and I found, just as Doctors Crimson and Phemister have 
found, that total sympathectomy, including cardiac denervation, did not prevent the rise 
in blood pressure produced by constriction of the renal artery in the dog 

Three years ago, with Doctor Jeffers, I undertook some experiments on how little 
of the sympathetic nervous system it was necessary to remove m order to prevent the 
reflex nervous hypertension which took place from raising the intracranial pressure We 
found, as Doctors Crimson and Phemister found, that upper thoracic or lower thoracic 
sympathectomy alone did not prevent it, but when we combined the two or performed 
total sympathectomy, the rise in blood pressure from raising the intracranial pressure 
could be prevented 

On analyzing our results further, we finally found it was necessary to remove only 
the sympathetic nerves from the heart and to exclude reflex nervous adrenal secretion 
in order to prevent this type of hypertension In other words, we could leave in both 
sympathetic chains from the sixth thoracic to the fifth lumbar, provided we had excluded 
the adrenal secretion, either by taking out one adrenal and denervating the other, or 
taking out one adrenal and injecting novocain into the medulla of the other gland 

It would seem from the analogv of the development of malignant hypertension in 
patients and malignant hypertension in dogs after constriction of the renal artery, that 
there is a close relationship between the experimental hypertension of Coldblatt and 
clinical hypei tension On the other hand, I do not think that the nervous influence has 
been excluded I think it may be possible that the nervous influence produces its effect 
by way of renal vasoconstriction In our own clinical work, we have followed the 
technic of thoracolumbar sympathectomy, suggested by Smithwick, in order to provide 
as complete as possible a sympathectomy of the renal area 

Dr George J Heuer (New York, NY) In view of the references to the effects 
of various surgical methods of treatment made by other speakers, I should like to refer 
to the results we thus far have obtained with the operation of anterior root section In 

19 patients with essential hypertension, five or more years have elapsed since we per- 
formed this operation and we are, therefore, in the position of stating the five-year 
results obtained When we consider the course of the disease, its progressive nature, 
its eventual outcome, its tendency to recur, if I may so speak of it, after operative 
treatment, we may liken it to malignant disease, and in appraising methods of treatment 
we should hesitate to speak of results which have not extended over a five-year period 
Of the 19 patients operated upon, five or more years ago, 12 are dead Of the 12, two 
lived to within a few months of five years, one lived almost four years, one lived three 
jears, and the remaining eight from a few months to one and one-half years Of the 
12 dying, five died as a direct result of cerebral hemorrhage, seven died of cardiac 
disease associated with uremia While these patients lived, four showed marked improve- 
ment in their subjective symptoms, others showed moderate improvement With 
respect to their blood pressures (last observations before death), two showed the same 
systolic and diastolic pressure as before the operation, and ten showed a reduction in 
both sjstolic and diastolic pressure The reduction in systolic pressure varied between 

20 and 90 Mm Hg , and averaged 50 Mm Hg , the reduction in diastolic pressure varied 
between 20 and 40 Mm Hg , and averaged 27 Mm Hg When one studies the causes 
of death it would seem, in this group, that such reduction 111 blood pressure did not 
alter the course of the disease 

Of the seven patients in this series who are now living, all are alive six years, and 
SIX are alive from six to seven jears after operation Thej have all been examined 
recently They appear to be in remarkably good condition They are free from the 
subjective symptoms thej' previously had, and are all active and following their usual 
occupations With respect to their blood pressures, in two, the blood pressures are 
normal, in three, elevated (systolic 180, diastolic 105), in two, definitely elevated 
(systolic 210/220, diastolic 100/120) It would appear that in some of these patients 
the course of the disease has been interrupted and life prolonged , but it is clear that 
even a longer period of observation is necessary before final results can be stated with 
assurance 
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Dr Klith S Crimson (Chicago, closing) I am not in position to discuss the 
effect upon hypertension of splanchnicectomies of the various types There have been 
more than i,8oo operations of this type performed and, as time goes along, an accurate 
postoperative study should properly evaluate the procedure The high incidence of indif- 
ferent results reported after splanchnic area denervation, and the marked experimental 
difference between partial and total svmpathectomy have led to the operation of total 
liaravertebral sympathectonw m man It is hoped that better results may be obtained by 
this procedure 

I believe that the discussers have brought out the differences of opinion concerning 
the A arious types of splanchnicectomr , and, of course, the medical men have still further 
differences of opinion Studies of hypertensne patients are very difficult to control, and 
there has been considerable controversy about the effect of splanchnic area denervation 
We have had little experience with this operation 

Doctor Curtis asked about gastric motilitj'- and sensation This operation, as it has 
been performed, includes the celiac ganglia, in an effort to prevent regeneration Motility 
studies have show'ii no abnormahtj It is surprising how' w'ell patients can get along 
w'lthout the sympathetic sjstem 

Doctor Davis asked about thiocyanate therapj That has not been given to these 
patients postoperatu elj because as jet we have not felt that they have needed it There 
is one exception That is the patient I first spoke of, w’ho had had a period of thiocyanate 
wnth no result, sympathectomies with very indifferent results, and then sulphocyanate — 
again, wnth still no result There certainly is a chance that the peripheral resistance 
may have become so fixed m this patient that no mechanism w'hich can be attacked is 
going to relax it 

I have not time to go ovei all of the discussion, except to saj' that w'e do fully 
recognize that these results are very early We report them in the interest of an attempt 
to get at the mechanism of the h\ pertension, and in the hope that perhaps more might 
be accomplished by this procedure than bv partial svmpatliectomies 
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Charles C Lund,! M D , and John H Crandon^ M D 

Boston, Mass 

FROM THE FIFTH SUHOICVE &ERMCL AND THE SURCICAIi RFSPiRCn L\.IiOnVTOin ROSTOV CITl nOSnT\L 
DEPVRTMEVT OF SUUGEIU, HAin ARD MEDICAL SCHOOL, BOSTON, MASS 

During the last few yeai s, sui geons have been paying increasing attention 
to all the circumstances that play a part in the successful healing of operative 
and other wounds The mechanical factois involved have been studied in 
gi eat detail by two groups led, respectively, by Hai ve}^’^ and Whipple - ^ 
Harvey, in particulai, has shown how much stiength can be expected m a 
given wound, at a given time, with a given type of suture material, properly 
placed Eighty pei cent of the disruptions that foimerly occurred in Whip- 
ple’s clinic have been avoided by changes in technic Ver)'^ widely over the 
country, there has been a steady shift in technic toward finer suture materials 
and especially toward fine silk and cotton, and to moie suitable placing of 
sutures With this change, bettei results are certainly being achieved 

During the same period of time, two chemical factors, plasma protein and 
ascorbic acid, that effect healing, have also come into prominent attention 
Harvey showed an increased rate of healing on a high protein diet Whipple, 
Carrel,^ and Ravdin,® have shown that a slight degiee of loueiing of the 
level of plasma protein may delay healing A maiked lowering will delay it 
enough so that even the most meticulous care in the type and placing of 
sutures may not result favoiably 

More recently, the importance of ascorbic acid has been recognized in 
wound healing Lanman and Ingalls,’’ Archer and Giaham,® and Ingalls and 
Warien'’ made the earliest obseivations on suigical patients in which plasma 
ascoibic acid determinations were made Lanman and Ingalls,’’ and also 
Taffel and Harvey’® have studied the tensile strength of expenmental wounds 
in animals with scuivy Paitial scurvy delays healing in animals Moie 
lecently, Wolfer and Hoebel,” Bartlett, Jones, and Ryan,’- Holman’® Hart- 
zell, Winfield, and Irwin,” and Lund and Crandon’® have made fuithei 
observations on man All of these authors have found that many of then 
patients have subsaturation levels of ascorbic acid m the plasma Some of 
them offer the opinion that a low plasma ascorbic acid level indicates a degree 

This work was aided by anonymous donors, by grants from the Wellington Fund, 
and from Hoffman-La Roche, Inc , Nutley, N J Assistance in securing the data was 
in part furnished by the personnel of the Works Project Administration (Projects 14667, 
17580, and 21302) 

Presented by title before the American Surgical Association, White Sulphur 
Springs, W Va , April 28-30, 1941 

T Assistant Professor of Surgery, Harvard Medical School, Assistant Visiting Sur- 
geon, Boston City Hospital 

$ Assistant in Surgery, Harvard Medical School , Resident Surgeon, Boston Citv 
Hospital 
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of deficiency that may cause failure of healing Ciandon, Lund, and Dill^® 
showed that slight oi even model ate deficiency m ascoibic acid reserves did 
not effect the healing of an expeumental wound m a human They also 
showed that plasma ascoibic acid deteimmations were not a good index of 
deficienc}'’ and that the plasma vitamin C level could be zero, and yet the 
patient might be fai fiom having clinical scurvy, and his wound might heal 
quite noimally This indicates that the vitamin C leserves in the tissues or 
m the tissue cells and not the level m the plasma aie the detei mining factoi 
foi healing Thej also confiimcd the finding of Butler and Cushman and 
showed that ascoibic acid deteimmations, made on leukocytes, gave a much 
moie ceitam evidence of the degiee of depletion of the body leserves of this 
substance If the leukocyte le^el is below^ 4 mg pei 100 Gm , w^e considei 
the patient to be close to scuny (The normal value is 30-40 mg per 
100 Gm ) 

Anothei method of stud3nng the leseives of ascoibic acid is by saturation 
tests Such tests m^y be earned out by measmmg the plasma levels, the 
urinaiy excretion, 01 both, befoie and aftei test doses of the vitamin which 
may be given eithei by mouth or mtiavenously Studies of the degree of 
ascorbic acid deficiency, by making satuiation tests, have been made by many 
investigators Wiight, Lilienfeld, and MacLenathan,^® Wright and MacLen- 
athan,^® and Portnoy and Wilkinson,-® aie among those whose data aie veiy 
useful Ciandon, Lund, and Dill also perfoimed a satuiation test at the 
completion of then expeiunent, and determined the changes in the plasma 
and leukocyte ascoibic acid levels as scurvy was leheved It is the authors’ 
belief that one of the best and simplest satuiation tests is performed by making 
daily plasma deteimmations 24 houis after daily doses of i Gm of the vitamin 
given either mtiavenously 01 by mouth Tested m this way, a model ately 
severe case of scurvy show^ed a zei o level in the plasma the day aftei the first 
dose, o I mg per 100 cc , after the second, o 4 mg , after the third, o 6 mg , 
aftei the fourth, and 08 mg, aftei the fifth dose The leukocyte ascoibic 
acid deteimmations on the fiist foui days show^ed 3, 15, 30, and 32 mg per 
too Gm , lespectively Other cases studied b}^ us failed to show any rise m 
the plasma level until after the fourth dose Other laboratories have made 
similai findings Provided intestinal absoiption is noimal it makes little dif- 
ference whethei the test dose is given by mouth 01 mtiavenously Doses of 
ascorbic acid in smaller amounts may also be given In some of our eaiher 
woik, various doses of less than i Gm were tried A good idea of the 
vitamin deficiency may be gamed by such doses, but the period of testing is 
prolonged 

It is ahvays pieferable to know'^ what the levels are before tieatment is 
started, but it one is sure of the doses given one can sometimes calculate the 
degree of deficiency without such information For instance, if a patient had 
a plasma level of o 3 mg per 100 cc the morning after the third daily intra- 
venous dose of I Gm of ascoibic acid, one can be quite sme that a severe 
deficiency was piesent at the start of the tieatment 
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Anothei way of estimating the amount of deficiency is to calculate the 
amount of the vitamin taken by the patient m his food This is less accurate, 
much more troublesome and more time-consuming than other methods, but 
has the great advantage of being available to any doctor and not necessitating 
any very delicate, expensive laboratory tests 

Dietary histones were taken on all the cases reported below To evaluate 
such data the \itamm content of the foods must be estimated by calculation 
These calculations weie made from the data m Vitamin Content of Foods 
We believe that patients may maintain fair but not saturated reserves with an 
intake of 25 mg of ascorbic acid per day,^** but that when an intake below 
10 mg has pi evaded foi a long time that the leserves probably become 
severely depleted 

Two developments of the same general nature, but different in degi ee, occur 
as a result of poor healing after abdominal operations One of these is post- 
operative hernia — due to failure of the fascia — and the other is disiuption 
which is due to failuie of all layers of the wall to heal Both of these develop- 
ments have been studied 

Postoperative Henna Following Gallhladdei Operations — Lund and 
Crandon showed that various plasma vitamin C levels had no relation to the 
development of postoperative pulmonary complications Fifty-eight of the 
same patients presented m that stud)% returned to the Follow-Up Clinic fiom 
three months to one year after discharge, and were studied foi the piesence 
of postoperative hernia by one of us (J H C ) Nine heiniae w'eie found 
These patients were then tabulated 111 the same w^ay they had been when the 
study of pulmonary complications was made (Table I) 


Preoperative 
Plasma Ascorbic 
Acid — Mg Per lOO Cc 
o S 

o 2-0 49 
0 0-0 ig 
Unknown 


Table I 

VITAMIN C AND POSTOPERATIVE HERNIA FOLLOWING BILIART OPERATIONS 

Average Preoperative Diet in Mg Per Day 


Total 


25 

1 = 9% 
II 

_i=ii% 

9 

1—17% 

6 

1—50% 

2 

_4^I4% 

28 


10-24 
_o= 0% 
3 

_0= 0% 
II 

_y_=i7% 

6 

0= 0% 
2 

1 = 5% 


10 

0 

0 

1 = 100 % 

1 

2= 33% 
6 

y=ioo% 

I 

^ 50% 
8 


lotal 
7% 

14 

2= 9% 
21 

4=22% 

18 

2=40% 

S 

9=15% 

58 


The numerators of each fraction indicate hemiae The denominators indicate total cases in each group 

It is seen from Table I that those cases with low plasma levels m the 
blood preoperatively showed a larger percentage of herniae than did those 
with high levels Likewise, those with small amounts of the vitamin m then 
diet had a larger percentage than did those with fair or large amounts 
However, these statistics, while we believe them to be of some significance, 
must be interpreted with great caution because of the fact that low plasma 
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values do not always mean depleted leseives, and patients who indicate a low 
intake on dietaiy histoiy aie peihaps not always telling the truth However, 
all the patients in the highei biackets should heal, in so fai as ascorbic acid 
IS a factor in then healing On the othei hand, some of the patients in the 
lowei brackets may be near enough to scuivy to inteifeie with then healing 
With this reseivation, and with the fuither leseivation that the group of 
cases IS small, it is believed that these statistics are sufficiently significant to 
indicate that cases with a low level of vitamin C in the plasma, if not corrected 
promptly, have nioie postoperative herniae than those with higher levels 
Dtsiuptxon — Twelve cases of wound disiuption have now been studied 
from the standpoint of surgical technic and vitamin C reserves The study is 
much moie detailed than that undei taken on the cases of herniae The esti- 
mation of the reseive supply of vitamin C was not made by the same method 
m all instances, so each case ^Mll be discussed biiefly Very few cases 
were studied early in the work as we did not then know how to interpret our 
plasma vitamin C values in postoperative cases No studies of plasma protein 
were made, but transfusions were admmisteied freely in certain of the cases 
that would have been likely to have low plasma values 

The cases were operated upon by several different surgeons and various 
diffeient technics of wound suture were employed In all cases, catgut was 
used and in many cases the catgut was of much larger caliber (Nos i and 2 



Chart i 


chromic) than recommended by Whipple Layer sutuiing, continuous to the 
peritoneum, and continuous or interiupted to the fascia, and silk or silkworm 
gut in the skin was the technic m all cases A few silkworm stay-sutures were 
introduced in all cases No overlapping or mattress sutures were used in the 
fascia This technic in no way meets the standards set up by Whipple or 
Harvey, but the incidence of disruption was not believed to be excessive, 
although statistical studies to determine this incidence were not made Three 
cases in this series have already been piesented and discussed They are 
Cases 2, 4, and 6 Case 2 of the previous report is not presented again as 
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the pentoneum did not sepaiate In this lepoit, only cases with complete 
sepal ation of all layers aie considered The cases aie presented in chioiio- 
logic order 


Case No 2 Carcinoma oF stomach 

LL S' '*'878706 Gosiro enterostomy 



cs 

Preop — Days— Postoperative ■ Intravenous 

^ ^rat 


Chart 2 

Case I — No Sciavy Hosp No 879121 C B, a healthj high school boy, was 
injured playing football He was brought to the hospital at once, and, at immediate 
operation, a traumatic retroperitoneal rupture of the duodenum was repaired with catgut 
He had a stormj convalescence complicated by the early development of a duodenal fistula 
Disruption occurred on the twelfth day, immediately after removing the stay-sutures 
The wound was resutured Chart i shows the intake and levels of plasma ascorbic acid 
Calculations of the amount of ascorbic acid in the diet while in the hospital were not 
made as there was no possibility that this boy had scuivy (See the high normal dietary 
intake before the accident ) 

Comment — Because of the high dietary intake and the plasma levels tvell 
above zero, we do not believe that vitamin C had anything to do with the 
disiuption Tieatment of o 3 Gm per day was given because we did not then 
know that the levels determined were of no importance under these conditions 
This disiuption was due to technical factors and the chemical effect of duode- 
nal secretion on the sutures The boy eventually recovered 

Case 2 — Neat Scntvy Hosp No 878906 L L, male, age, 59, had carcinoma of 
the stomach His diet had contained very little, if any, ascorbic acid for months and he 
had lost 50 lbs in weight An exploration and anterior gastro-enterostomj were under- 
taken Disruption occurred on the tenth day, shortly after removal of the stay-sutures 
The wound was resutured and healed well 

Comment — ^The preoperative diet was such that a condition close to 
scurvy was likely After four days of o 6 Gm of ascorbic acid, inti avenously, 
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the plasma level was still zeio Aftei 17 fuither days of tieatment by mouth, 
with daily doses of o 3 Gm , the level was only 0 6 mg pei 100 cc Inasmuch 
as theie Avas no fevei, sepsis 01 gastro-intestinal distuibance, these figures can 
only mean that this man piobably had ascoibic acid deficiency of severe 
enough degiee to contiibute to this disiuption 

Case 3 — No Sctii-vy Hosp No 932411 TAD, male, age 45, with a gastro- 
jejunal ulcer of considerable duration Vitamin deficiencj was suspected and the 
ascoibic acid deficiencj' treated preoperativelj , bj' giving i 0 Gm per daj' for three days 
Determinations on two dajs show'ed a normal level A difficult gastric resection and 


Case No 3 Gastrojejunal Ulcer 

TAJ) ^ 332^11 Reseciton 



Chart 3 


repair w'as performed On the third daj', there w'as noted severe wound sepsis Other 
complications follow'ed, including hemorrhages from the w'ound and the stomach Some 
delay occurred before treatment with vitamin K Avas given, as Ave did not, at that time, 
suspect that this deficiency Avas possible in such a case In spite of treatment with 
vitamin K and many transfusions, the man died of peritonitis Autopsy showed complete 
separation of the W'ound with a loop of intestine presenting just beloAV the separated skin 

Comment —V itamin C played no part in this disruption, Avhich was prob- 
abl> due, mainly, to effects of infection on the catgut sutures 

Case A— Piobably No Scuivy Hosp No 939296 R F, male, had an appendix 
abscess Until ten days before admission, and 20 days before operation he had had a 
diet fairly adequate in ascorbic acid (about 40 mg a day) The operation consisted of 
drainage of the abscess through a right rectus incision Disruption and protrusion of 
loops of intestine occurred 33 days after operation 

The data concerning vitamin C is relatively scanty Two days before the operation, 
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and on the fifteenth day after it, the plasma level was zero No vitamin C was given 
before the disruption The convalescence was very stormy Practically no food was 
taken for three weeks after the operation during which time Wangensteen drainage was 
constant Fever was present from before admission to after the disruption Eventually 
he recovered 

Comment —No studies, that we know of, allow us to predict how long it 
takes for scurvy to develop in the presence of severe infection All the evi- 
dence points toward the time being much shoiter than without infection The 
mam cause of this accident was undoubtedly sepsis Usually, in such cases 
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firm adhesions prevent protrusion of the intestines, even if the wound breaks 
down Possibly, there was a factor of vitamin C deficiency developing late 
in the infection, but the conservative position to take is that this case probably 
suffered from no important deficiency in spite of the zeio plasma levels 

Case s — No Scinvy Hosp No 944466 M T, a male, had a ruptured gastric 
ulcer and was operated upon promptly On the tenth day, the stay-sutures were removed 
and his wound disrupted a few hours later Four days later, his ascorbic acid level was 
found to be 0 I mg per 100 cc The morning after the first dose of i Gm of ascorbic 
acid the level was 0 4 mg 

Comment — ^This finding indicates that vitamin C was not a factoi in this 
case of disruption 

Case 6 — Neai Scm vy Hosp No 970288 M A had had a duodenal ulcer for a 
long time, and severe obstruction for months He had also been a heavy user of alcohol 
He had been able to retain very little of the nourishment taken by mouth for some time 
before operation and he had lost 50 lbs in weight The surgical service had understood 
that plenty of ascorbic acid had been given before the operation, as preparation for it, 
but nobody realized how completely all food and vitamins taken b> mouth had been 
vomited 
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After operation, his stay-sutures weic removed prematurely on the sixth day The 
wound promptly disrupted No tablets of ascorbic acid were used, but from the second 
day after the disruption over a pint of orange juice was taken daily along with his food 
and he retained it all This was cciuivalcnt to about 200 mg per day The laboiatory 

Case No 5 Perforated Gastric Ulcer 

MT d Suture -June 2], 1939 
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did not have an opportunity to determine the blood levels until alter 22 days of high 
orange juice diet Even at this time the plasma and white blood cell levels were 
extremely low 

Comment — This evidence points to a dangeiotis degiee of scuiv}^ How- 
ever, the removal of stay-sutures on the sixth day was inexcusable The 
ti eatment of a man wdio vomits all his food should be by intravenous route 
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Case 7 — Ncai Sciiivy Hosp No 978940 C C, female, had acute appendicitis 
with peritonitis Her diet before the illness had been verj low in ascorbic acid containing 
foods At operation, the appendix was removed, and the base of the cecum and the 
pelvis were drained Staj -sutures were removed on the tenth daj The wound was 
moderately septic, and the patient was quite ill Food was not taken well and no ascorbic 
acid given On the twentieth day, a loop of intestine presented in the wound This was 
replaced and held in bj^ packing and strapping Nine days latei the patient was studied 
for scurvy and both the plasma and white cell levels were zero The curve following 
the treatment proves a se\ere grade of deficiencj 


Comment — ^There can be little doubt that scuivy played a pait m this 
late disiuption 

Case 8 — No Scurvy Hosp No 981871 C B , male, had a subacute cholecystitis 
and a chronic gastric ulcer His diet contained a small amount (about 12 mg of vitamin 
C) before entering the hospital At operation the gallbladder was drained The staj- 
sutures were removed on the eighth day, and he promptly disrupted His wound was 
resutured Some days later, the first vitamin C determinations showed none in the 
plasma, but about 6 mg, per 100 Gm in the leukocytes After test doses the levels rose 
rapidly 


Comment — ^This evidence indicates that scurvy was not present 

Case 9 — No Scuivy Hosp No 986160 E McN, male, young, had a traumatic 
rupture of the intestine, this time of the jejunum His history showed a small intake of 
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ascorbic acid before the injury His stay-sutures were removed on the tenth day and he 
disrupted He was lesutured Vitamin C determinations showed zero m the plasma and 
12 mg pel 100 Gm m the leukocytes The test dose showed a rapid rise m both levels 


Cose No 8 Cholecystitis and Gastric Ulcer 
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Case No 9 Rupture oF Jejunum 

^38273 5uiure May 13,m0 
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Comment — This finding, plus the lesponse to test doses, pioves the absence 
of scurvy 

Case 10 — No Scui-vy Hosp No 982674 J M, male, had an obstructing duodenal 
ulcer Although his preoperative leukocyte ascorbic acid was 14, he was given treatment 
intravenously with the results to the plasma and leukocyte levels shown on the chart 
On the tenth day postoperatively the stay-sutures were removed and there was a small 
disruption This was controlled bj packing and strapping 

Comment — Scuivy could have had no part in this accident 


Case No 10 Duodenal Ulcer 

36267^ Partial Gastrectomy 



^ Prtopemitve ~ Days Postoperative Intravenous 


Chart 10 

Case II — No Scurvy Hosp No 985945 P B , male, rather feeble, with carcinoma 
of the sigmoid He took a small amount of vitamin C in his food before operation On 
the tenth day, his sutures were removed and he disrupted His leukocyte level was eight 
He was resutured and given vitamin C, but he died the next morning 

Comment — ^With this leukocyte level the man could not have had a severe 
enough deficiency for it to be a factor in this disruption 

Case 12 — No Scwvy Hosp No 995658 T E had a partial gastrectomy for 
duodenal ulcer His preoperative diet had contained a small amount of vitamin C On 
the sixth day, the stay-sutures were removed and the wound disrupted It was resutured 
The 0 5 Gm doses of ascorbic acid were given for three days, after which the leukocyte 
level was 25 mg per 100 Gm , and the plasma level 0 04 mg per 100 cc 

Comment — It is believed that the level of 25 mg in the leukocytes, after 
only I 5 Gm of treatment, indicates that the wound was not affected by lack 
of vitamin C 

Discussion — Twelve cases of disruption of abdominal wounds have been 
studied Scurvy played no part in the accident m Cases i, 3, 5, 8, 9, 10, ii, 
and 12 This statement is made in spite of the fact that most of these cases 
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had veiy low plasma vitamin C levels, at one time oi anothei, dunng their 
illness Cases 2, 6, and 7, had a seveie depletion of their vitamin C reserves, 
and sciiny piobably dela3'ed, or pi evented, the healing of then wounds 
(Case 4 IS doubtful ) 

In none of the cases was the method of suturing up to the standards of 
technic set up by Whipple On the othei hand, it must be stated that these 
disiuptions occuiied among a veiy large number of abdominal operations, 


Case No 11 Carcinoma oP rectum 

PB(f*^S853t}S tleocolostomy 



PreoperativcDays-Posioperaiive ■ Intravenous 


diet 

Chart ji 

and the percentage of these accidents is low, showing that the methods of 
sutuiing used weie, at least, reasonably good Stay-sutures weie used 111 all 
cases, and in some cases weie removed much too eaily If stay-sutuies are 
put in foi a puipose, the puipose must be to suppoit the wound until natuial 
healing has taken place sufficiently to make their presence superfluous This 
makes it impeiative that they lemam, at least, until the twelfth 01 the four- 
teenth day 

It IS obvious fiom the cases piesented that a larger pait of the pioblem 
of disiuption rvill be solved by impioved technic than by studies of or treat- 
ment with vitamin C On the other hand, the fact that a few cases of disrup- 
tion occui m patients with severe depletion of the vitamin C 1 eserves, indicates 
that these 1 esei ves should be studied befoi e operation A. series of gastric 
and duodenal ulcei patients who weie in the hospital at the same time as 
those cases leported heie, aie also being studied and will be leported in 
anothei communication Several of them had deficiencies compaiable to that 
of Case 7, above However, their deficiencies w^ere coriected either just 
befoi e 01 just after operation If they had not been treated, the number of 
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cases disrupting fiom ascoibic acid deficiency might have been largei Most 
surgical services have no facilities for such studies and such studies are 
extiemely expensive The authois aie convinced that wide installation of 
such facilities are not necessary at present In another communication, we 
hope, shortly, to prove that a few minutes spent m seeming and analyzing a 
short dietary histoiy will do as much or more to determine these reserves 
than ascorbic acid detei mmations In such a history, special attention should 
be given to the amounts of certain foods that are eaten per day About 

Case /Vo 12 Duodenal Ulcer 
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Chart 12 

75 mg of ascorbic acid is generally accepted as an amount that will keep a 
well pel son saturated We believe that even 20 mg will keep sufficient 
reserves so that wounds will heal easily and well Seventy-five mg will be 
furnished by the amounts of food shown in Table II Many other foods have 


Table II 


AMOUNTS or CERTAIN TOODS NEEDED DAILY TO FURNISH 7 S ''IG OF ASCORBIC ACID 
ir THE PARTICULAR FOOD IS THE ONLY SOURCE OF THE VITAMIN 


Fresh citrus fruit or juice and fresh strawberries 
Canned citrus fruit 

Fresh or canned tomatoes or tomato juice 
Cooked liver 

Cooked potatoes (except fried) 

Raw apples pears other fruits and bemes 


150 Gm or cc 
250 Gm or cc 
300 Gm or cc 
300 Gm 
300 Gm 
i-S Kg 


I ettuce other greens and most vegetables contain small amounts and part of these 
small amounts may survive cooking 
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small amounts of tins vitamm, but grams aud floui have none, and pasteur- 
ized milk very little 

Full data of this natuie has been piesented by Daniel, and Munsell,-^ and 
by many othei students of diet 

Following the securing of data fiom the diet, those patients with very low 
leserves should be tieated The tieatment should be given preoperatively 
m an “elective” case, and immediately postoperatively in an “emeigency” 
case Ascoibic acid is cheap and may be given by mouth, intramuscularly oi 
intravenously (using diffeient piepaiations) About 4 Gm are needed to 
bring a severe case of scuivy up to satuiation This may safely be given m 
four days Be suie, however, that the tieatment be mtiamuscular or intra- 
venous if there is likely to be vomiting 01 diarrhea, otherwise it makes no 
diffeience which way it is given 

SUMMARY AND CONCLUSIONS 

(1) A study of preopeiative diet and preoperative plasma vitamm C levels 
of patients having opeiations upon the biliary tiact was made 

(2) Those with pooi intake 01 low levels or both, had a highei percent- 
age of postopei ative heiniae than those with bettei intakes 01 levels 

(3) A stud) of 12 cases of abdominal wound disiuption shows that 
mechanical factois weie moie fiequently the detei mining ones foi disiuption 
than depletion of vitamin C reserves 111 this senes 

(4) Three cases, however, had sufficient degrees of ascorbic acid defi- 
ciency, so that this was an important factoi in then disruptions In a fourth 
case, depletion to a dangerously low level may have taken place, but the data 
are too incomplete to be sure 

(5) Two cases of depleted reserves were associated with lesions of the 
stomach, and two (including the doubtful one) with appendicitis 

(6) These studies indicate a need for improvement m surgical technic, 
and for routine study of vitamm C leserves by surgeons 

(7) Study of vitamm C reserves may be made by means of dietaiy his- 
tones and should be followed by preoperative, or early postoperative treat- 
ment of the few patients that piobably have low reserves 
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THE EFFECT OF THE LOCAL AND ORAL ADMINISTRATION OF 
COD LIVER OIL ON THE RATE OF WOUND HEALING IN 
VITAMIN A-DEFICIENT AND NORMAL RATS 
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mOM TIU I MIOUVTOUUls Ol- Till Dll \nT\tENT OF MLDICINF, NF\\ TOUK UNU ERSITl COLLEGE OF MEDICINE, 

NEW TOnK, N 1 

In a pievious papei/ we lepoited that the topical application of cod liver 
oil healed ulceis of the lowei extiemity of diabetic patients more effectively 
than a conti oiled group who weie not thus tieated In an effort to determine 
more accuiatel) the effect of cod liver oil on the late of healing of wounds, 
the following stud}^ was undei taken 

Cod hvei oil has been used locally m the healing of wounds and burns 
m patients since 1934-'" AH obseivers leport an increase m the rate of 
wound healing and a deciease m the severity of infection w^hen piesent 
Expel imentally, Kemmler/ Pioto,® and Lohi and Unger, ^ have studied the 
effects of cod livei oil upon rabbits and guinea-pigs, and have found it effec- 
tive m accelerating w'ound healing Tlieie are three factors in cod liver oil 
which might be responsible for its healing effect These are vitamins A and 
D and the unsaturated fatty acids Vitamin D is concerned principally with 
the metabolism of calcium, and, unless the w^ounds involved the bony struc- 
tures, 01 the animals w^ere on diets deficient in calcium or vitamin D, the 
effect on the healing of wounds involving epithelial structures would be 
slight, if any Vitamin A, on the othei hand, is known to affect the epithelial 
tissues, and a deficiency of this vitamin results in hyperkeratinization of the 
epithelium The unsatuiated fatty acids are concerned with the condition of 
the skin, and in animals deprived of hnolic or hnolenic acids^® dryness and 
scaliness of the skin occurs 

In the present study, we are reporting the effects of cod liver oil and 
linseed oil, applied locally, on the rate of wmund healing m rats In addition, 
one group of vitamin A-deficient rats weie fed an equivalent amount of cod 
liver oil to find out if the parenteral administration was as effective in 
healing the wounds as was the direct local application of the vitamin Both 
normal and vitamin A-deficient rats were used m order to compare the rate 
of healing in entirely normal animals with the rate of healing m the deficient 
animals 

Piocedwe — All the lats weie bred m this laboratory from an original 
Wistar strain, and the expeiiments weie made on litter mates 

The normal rats consisted of litters fed the laboratory stock diet of which 
the vitamin A content was 245 I U per 100 Gm They were wounded at 
the same age as the vitamin A-defi cient rats, which was the time at which 

" This data was included in a thesis by Dr Harold Brandaleone for the Degree of 
Doctor of Medical Science in New York University, New York, N Y 
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the latter developed the signs of vitamin A deficiency, and was at an average 
age of 107 days When wounded, the normal animals were divided into 
two groups. Group B — in which the wounds were allowed to heal without 
treatment of any kind, and Group D — in which the wounds weie treated 
with cod liver oil 

The animals which weie to be depleted of their Autamin A stores were 
started on the vitamin A-deficient diet when age 27 to 37 days The diet 
consisted of casein 961 pei cent, salt mixtuie 3 85 per cent, sodium chloride 
096 per cent, dried hi ewer’s yeast 961 pei cent, cornstarch 5675 per cent, 
Cusco 1922 pel cent, and 03 Gm of viosterol was added to 1,000 Gm of 
this mixture The animals were allowed to eat the diet ad hh When the 
symptoms of the deficiency began to occur, the rats were wounded Four 
gioups of animals were studied on the vitamin A-deficient diet Group A — 
in which no local ti eatment of any kind was used on the wounds , Group C — 
in which cod livei oil was applied to the wounds , Group G — in which the 
wounds were treated with unboiled linseed oil, the iodine number of which 
was 158, and Group H — in which the wounds weie not treated but the rats 
were fed the same amount of cod liver oil as was applied locally to the 
wounds of the animals in Gioup C (Table I) 

Tvble I 



No of 

STATUS or Till 

GROUPS or 

RATS STUDIED 

Condition of Animals 

Group 

Rats 

Mortalit> 

Infection 

and Treatment of Wounds 

A (l and 2) 

62 

60% 

22% 

Rats nere fed diet deficient in vitamin A 
Wounds vere untreated The diet of the 
parents of Ai n as higher in vitamin A than 
the diets of the parents of A* 

C 

52 

0 

0 

Rats Mere fed diet deficient in vitamin A 
Wounds were treated with cod liver oil 

G 

49 

4 x 7 o 

10% 

Rats fed diet deficient in vitamin A IVounds 
n ere treated -w ith unboiled linseed oil (iodine 
number 158) 

H 

29 

0 

0 

Rats fed vitamin A deficient diet Wounds 
w ere untreated Cod liver oil fed by mouth 

B (i and 2) 

45 

0 

5 % 

Rats Mere normal Wounds were untreated 
B, rats Mere 19 days older at the time of 
M ounding than rats m Bi group 

D 

40 

0 

0 

Rats M ere normal Wounds were treated with 
cod liver oil 


Tbe animals on the vitamin A-deficient diets were wounded at the time 
when they failed to show any increase m weight foi a period of seven days 
This was before any other pronounced symptoms of vitamin A deficiency 
had appeared, foi we found that, if wounding was delayed longer, the lats 
died soon after the wounds were made 

Mannc) oj Wounding and Method oj Measia ing Wounds — All the rats 
were wounded as follows The haii over the thoracic vertebiae was clipped, 
the skin shaved clean and giasped with a pair of forceps, and an elliptical 
wound extending thiough subcutaneous tissues was made with a pair of 
scissors An impression of the shape of each wound was taken by placing 
a piece of filtei papei over tbe fresh wound The w^ound was not measured 
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until the da) after it was made, in older to obviate any erioi due to the 
sti etching of the skin \\hich occuiied immediately after wounding The long 
and wide diametcis ueie measuied in centimeteis with calipers Measure- 
ments A\eie taken two oi thiee times a week until the wound was completely 
healed, oi the animal died In the lattei case, the diameter of the wound 
at the time of death was measuied The calculations of the total area m 

each wound was elliptical m shape This foimula is - x a x b = 

4 4 

X a X 1) = 07S5 X a X b In oidei to pieient the animal fiom licking or 
sciatching the wound a metal cap appioximately 2 cm m height and 2 5 cm 
m diametei was shaped to the back of the animal and attached with adhesive 
tape wrapped aiound the abdomen The oils w'eie diopped on the wound 
fiom a measuied dioppei Enough oil w^as applied to just cover the w^ound, 
fiom two to foui chops at fiist, and, as the w^ound became smaller, one drop 
The amount of vitamin A w’as calculated fiom the total number of drops of 
cod liver oil used Tieatment wnth cod Iner oil 01 linseed oil w^as begun 24 
hours aftei w^oundiug and was icpeated daily 

At the end of the exjieiiment, an average peiiod of 20 days, the animals 
w'eie anesthetized and exsanguinated The wounded aiea w^as excised and 
pieseived in 10 pei cent formalin solution foi histologic examination The 
w'ound w'as considcied healed when complete epithelium coveied the w^ound 
and a Avhite scar W'as pi esent 


RESULTS ON THE RATE OF W^OUND HEALING 

(i) III the Vitamin A-Dcficiciif Rats (Gioups A, C, G, and H) 

Gioup A (vitamin A-deficient lats wdiose w^ounds weie not tieated with 
any agent) — This gioup w'as subdivided into tw'o paits (Ai and Ao) because 
the parents of the lats in Gioup Ai weie on a highei vitamin A diet than the 
paients of the lats m Gioup Ao How^evei, once the animals had become 
vitamin A-deficient the 1 ate of wmund healing was the same in all the animals 
Gioup Ai healed at the late of 0046 sq cm daily, Gioup A2 at the late of 
0045 sq cm daily Calculated as a single gioup, the daily rate of healing 
w^as o 045 sq cm ± S D f o 035 (Table II) 

Gioup C (vitamin A-deficient lats wdiose wounds weie tieated zmfh cod 
Iwei oil) In this gioup the daily late of healing was 0088 sq cm with a 
standaid deviation of =^0027 This was significantly gi eater than m Group 
A, whose wounds weie untieated 


The standard deviations weie calculated from the formula^^ S D ~/|/^ — — 

Comparing Groups A and C, the value foi E is significant as shown m 
Table III 


The cod liver oil was supplied by the Mead-Johnson Laboratories The vitamin 
content of the cod liver oil was 668 in^ational units per gram 

I S D Standard deviation = a/ 

f n— T 
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Gionp H (vitamin A-deficient rats whose wounds weie wiheated but 
who wete fed cod hvei oil) — The average rate of healing in this group was 
0069 sq cm S D 0021 This rate of healing was significantly faster 
than m the untreated A-deficient rats but slower than in the wounds treated 
locally in the A-deficient rats 


Table II 

LEPECT or COD LIVER OIL ON THE DAIL\ RATE OE 
WOUND HEALING IN NORMAL AND VITAMIN A DEEICIENT RATst 





Daily Rate of 

Total U S P Units 

Weight Change from 


No of 

Condition 

Healing 

Contained in Cod 

the Time of Wounding 

Group 

Rats 

of Rats 

Sq Cm ± S D * 

Liv er Oil Given 

to Death 

A 

45 

Vitamin A deficient 

No cod liver oil 

Q 045 ± 0 03 S 

None 

—27 Gm 

C 

38 

Vitamin A deficient 
Trated locally with 
cod liver oil 

0 088 ± 0 027 

483 

+16 Gm 

G 

37 

Vitamin A deficient 
Treated locally w ith 
linseed oil 

0 051 ± 0 043 

Nonet 

—35 Gm 

H 

19 

Vitamin A deficient 

Fed cod liver oil 

No local treatment 
to wound 

0 069 ± 0 021 

358 

+34 Gm 

B 

39 

Normal rats 

No cod liver oil 
applied locally 

0 082 ± 0 02s 

None 

+32 Gm 

D 

35 

Normal rats 

Treated with cod liver 

0 087 ± 0 028 

645 

+ 6 Gm 


Oil locally 

/In’ 

w S D = standard deviation = 4 / — 

' n-i 

t Wounds treated with a total of i 196 Gm of unboiled linseed oil 

tThis table includes all wounds whether completely or partially healed 

Gi oup G (vitamin A-deficient lats whose wounds were heated %mth lin- 
seed oil) — In this gioup the daily rate of healing was 0051 sq cm S D 
0043 This IS not significantly diflfeient fiom Group A but is significantly 
different from Group C The results with linseed oil indicate that these 
unsaturated fatty acids do not exert a healing effect 

(2) The Rate of Wound Healing in the Noiinal Rats fGtoups B and D) 

Both of these gioups weie absolutely noimal lats, on entirely adequate 
diets There was practically no diffeience in the rate of wound healing 
between Group B whose wounds were not treated with cod liver oil, and 
Group D, whose wounds were treated The average daily late of healing in 
Group B was 0082 ^ SD 0025, and in Gioup D 0087 ^ SD 0028 
(Table II) Apparently, cod liver oil, applied locally to this type of wound 
m well-nourished normal rats, does not significantly affect the late of wound 
healing 

The statistical comparisons of the rate of wound healing between the 
various groups is given in Table III The differences between Groups A 
and C, C and G, C and H, A and H, and B and H are significant According 
to Chaddock,^^ for the differences to be significant the value ot E should be 
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D’* = Difference Betwreen 



Probable Error of 

Means — Probable Error 


Difference betw ecn the 

the DifTercnce between 

of the Difference 

Groups Compared 

Means (Sq Cm /Day) 

the Means 

between the Means 

t and C 

0 043 

0 0047 

9 I 

B and C 

0 ODD 

0 0041 

I S 

B and D 

0 OOS 

0 0045 

I I 

C and D 

0 001 

0 0048 

0 2 

A and G 

0 006 

0 0059 

I 0 

C and G 

0 037 

0 0056 

6 6 

C and H 

0 010 

0 0043 

4 4 

AandH 

0 024 

0 0047 

5 I 

B and H 

0 013 

0 0042 

3 I 


* E -ms c^lcul'lted t; the quotient of the fhfTerence between the meins divided by the probable error of 
the difference The \ ahditi of this mcisure is supported b\ the fact that the plotted data approximate a normal 
distribution cur\ e 


abo\e 25 Groups B, C and D aie not statistically dilfeient The rate of 
uound healing m the vitamin A-deficient lats tieated Muth cod livei oil was 
appi oxiinately the same as the rate of wound healing m the two noinial 
groups 

( 3 ) Ohscwotions on iJic Genoa! Condition of the Animals m the 

Diffocnt Gionps 

In the vitamin A-deficient gioups, A and G. leceivmg no cod liver oil 
locally, the symptoms of vitamin deficiency peisisted after wounding These 
symptoms included loss of weight, fui changes, anorexia, humpback, crusting 
of the nose and eyes, and xerophthalmia The aveiage loss of weight in 
these two groups was 32 Gm during the peiiod of observation In Group 
C, where the wounds weie tieated with cod liver oil, there was an average 
gam of 16 Gm during the expeiimental peiiod Although the symptoms of 
vitamin A deficiency persisted m some of the animals, they were much less 
severe and less fiequent This was not due to licking the oil off the wounds, 
as the metal caps placed on the wounds pi evented the animal from reaching 
the wound with his paws or tongue In the vitamin A-deficient rats fed cod 
liver oil (Group H) the symptoms of vitamin A deficiency were rapidly 
controlled, and these animals gained an average of 34 Gm during the period 
of observation None of the animals died, and no infections occurred in the 
group 

In Group A, the wounds healed completely in only 18 of the 45 rats, the 
other lats died befoie healing was effected Of the 18 wounds healed, four 
showed possible evidence of infection (1 e , pus and necrosis) , of the 27 
wounds that healed partially, six showed gross evidence of infection In 
Group H, all of the wounds healed completely In Group B, all the wounds 
healed completely, and theie was gross evidence of infection in two of them 
In Group G, of 37 wounds, 22 healed completely and six showed gross evi- 
dence of infection 

In the wounds tieated with cod liver oil, the edges were even, in contrast 
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to the nregulai edges in the untreated wounds, profuse gianulation tissue 
was evident, and epithehzation occuired eailier than in the untreated gioup, 
and was moie abundant The wounds finally closed leaving a small, white 
scar 

Discussion — The absoiption of ceitam vitamins through the skin has been 
established Helmer and Jansen^** demonstrated that vitamin A, contained 
m halibut liver oil and caiotene, is readily absoibed through the skin of rats, 
preventing the severe symptoms of vitamin A deficiency Eddy and Howelk" 
demonstrated the absoiption of vitamin A tbrough the unbioken skin of rats 
Judging from our lesults, the local application of cod liver oil to the wounds 
of vitamin A-deficient rats will increase the daily late of healing and will 
improve the general nutiitional state of the animals The feeding of cod liver 
oil is not as effective in healing wounds as is the local application 

Just what factoi in cod liver oil is lesponsible for the healing effect 
remains to be determined Apparently, it is not the unsatuiated fatty acids, 
as linseed oil contains laige amounts of the unsaturated fatty acids, with 
the exception of aiachidomc acid Getz,^- wot king on tuberculous ulcers in 
guinea-pigs, has shown that the healing agent in cod liver oil is contained in 
the “vitamin fraction” He also leports that moie lapid healing did not 
occur when fish oils with highei concentrations of vitamins A and D were 
used If vitamins A and D weie the only factors responsible, one might 
expect that the rapidity of the healing piocess would parallel the increased 
concentration of the vitamins As there is, undoubtedly, a limit to the lapid- 
ity with which healing can occur, and, as this may have been reached at the 
lower concentration of the vitamins, such a correlation between the rate of 
healing and the concentiation of the vitamins may not hold The majority 
of investigators agiee with Getz that the unsaponifiable or “vitamin fraction” 
of cod liver oil contains the healing agent Up to the present time, no other 
single factor has been isolated 

In our no) mal animals, the local application of cod liver oil had no signifi- 
cant effect on the late of healing There might seem to be some disci epancy 
in tins respect between our lesults and those of other observeis, who report 
beneficial effects fiom the application of cod hvei oil to burns, and m tuber- 
culous lesions in noimal animals,^'* and in crushing wounds and burns in 
animals In this study, the normal animals were in an optimal state of nuti i- 
tion, and the wounds were made with as little trauma as possible, so that 
there was no injury to the deep tissues The types of wounds in which cod 
liver oil has been effective in patients have been traumatic , c g , crushing 
wounds or burns, oi wounds secondary to a metabolic disoider i 2 , 3 4, c s 
and the nutritional status of the patients probably was not optimal In these 
normals, the rate of healing that occurred repiesents the normal rate, and 
as far as we know at the piesent time, the maximum rate of healing It may 
be that this rate of healing can be further inci eased by some more potent 
agent but, obviously, a point will be reached at which no further increase in 
the rate of healing can occur 
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Drigalski^'^ found that cod liver oil had a definite bacteriostatic as well 
as bactericidal action, and believes that it tends to hinder the passage of 
toxins from wounds into adjacent tissue In our senes, no infections occurred 
111 the wounds in eithei the normal or vitamin A-deficient animals tieated 
with cod liver oil oi fed with it No special precautions were taken in any 
of the animals to avoid infection In the normal animals whose wounds 
were not tieated with cod hvei oil, there w^as evidence of infection in two 
of them The incidence of infection in the vitamin A-deficient untreated 
groups was quite definite, averaging 20 per cent Sixty per cent of the 
animals in this group died before complete healing had occurred 

It IS particularly interesting to note that the local application of cod liver 
oil w^as more effective in increasing the daily rate of healing than was the 
feeding of cod liver oil The effect of the local application, apparently, is a 
direct as w^ell as a geneial one, as the nutritional state of these animals was 
also improved 

Calculation of the total number of days lequned for complete healing of 
ivounds 111 the various groups could not be satisfactorily evaluated First, 
because in the A-deficient group some of the animals died before complete 
healing occurred Secondly, the exact end-point of healing could not be 
determined to the hour at wdiich it occui 1 ed, and it was, therefore, difficult to 
calculate the total number of days and houis lequired for complete healing 
Obviously, a time interval of 24 hours becomes too large a unit for the 
accurate estimation of the healing of wounds of small dimensions 

CONCLUSIONS 

(1) The daily rate of healing in experimentally wounded vitamin A- 
deficient rats was accelerated by the direct application of cod liver oil to the 
wounds The direct application of cod livei oil did not increase the daily rate 
of wound healing m normal rats 

(2) Linseed oil, directly applied to the wounds, did not significantly 
increase the daily rate of healing in vitamin A-deficient rats 

(3) The feeding of cod liver oil increased the daily rate of healing m the 
vitamin A-deficieiit rats but not to as great a degree as did the local applica- 
tion of cod liver oil 
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BRIEF COMMUNICATION 

TABLE TOP FOR ROENTGENOGRAPHY, ESPECIALLY OF THE 
BILIARY TRACT, DURING OPERATION 

John Fallon, M D 

AND 

A E O’Connell, MD 
Worcester, Mass 

rnOM THE FALLON CLIVIC, woucesteb, m\ss 

Roentgenography dming opeiation has found certain limited applica- 
tions, as for example m bone operations, search for foreign body, exploration 
of biliary ducts, and combined mstiumental and roentgenographic examina- 
tion of the uteime cavity When its technic has been simplified, as m exam- 
ination of the exposed kidney, it has become populai But cumbersomeness 
of method has letaided most of its potential uses Sliding a casette eithei 
directly beneath the patient or into a “tunnel” opening at the side of the 



Fig I — Roentgenographic overtop The casette is maneuvered Irom the 
ends o£ the table without disturbing the operation 


operating table disiupts the sequence of the operation, distracts the operating 
team and jeopardizes sterility But a space beneath the patient, opening at 
the ends rather than at the side of the table, would allow manipulating the 
casette without disturbing patient, drapes or team 

Such an end-opening space is provided by an overtop^*" made of one- 
eighth-inch (3 Mm ) “Masonite,” a wood composition chosen as the least 
ladiopaque of several materials tested, resting upon metal side walls which 
lock into the side-iails of the table It replaces those sections of the cushion 
* Manufactured by the Scanlan-Morns Co , Madison, Wis 
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under the toiso Beneath the oveitop, on the top of the table, slides a wide 
canvas belt wnth a frame to hold the casette One end of this belt leads 
over the head of the table and from the othei a stiap leads to its foot By 
these the casette may be pulled either sidewise oi to-and-fro by the loentgen- 
ologist and anesthetist, standing at opposite ends of the table, and w^ell away 
from the operating area Inserting a fresh casette involves only lifting the 
patient’s head A 3'ardstick held beside the patient shows how fai fiom 
the end of the table the casette should be, and an inch scale punted on the 
belt shows how far from the end it is A large film (14x17 inches, 35x43 
cm ) gives latitude m aiming the rays A Lysholm grid substitutes for a 
Bucky The grid is light and thin, moves with the casette and obviates a 
mechanism for tripping a Bucky 

To permit holding the breath, spinal anesthesia is advisable foi some 
roentgenograms, especially cholangiogiams Ordinarily, the operator covers 
the patient with a large steiile sheet on ivhich he marks the center of the 
field with a dab of blood, then steps back to give place foi the portable 
roentgen unit, while the assistants hold then retraction 

In calculating exposuie, therefoie, the 1 oentgenologist must allow for 
the tissues retracted out of the path of the rays Exposuie factors for a 
cholangiogiam with brominized oil aie 75-88 Kv , ten Ma, 17 inch (43 
cm ) distance, one second, cone five inches (13 cm ) in diametei and six 
inches (15 cm ) long, superspeed intensifying scieen If a Lysholm grid is 
used — we usually have found it unnecessaiy — the exposure is thiee seconds 
Film development time may be cut to a minute by quick developeis, such as 
a modification of their D-8 formula obtainable fiom the Eastman Kodak Co 

Four years’ use of this apparatus has disclosed two disadvantages The 
thin top sags beneath extiemely heavy patients But we nevertheless prefer 
it to a thicker top, because these are just the patients who need the least 
possible added opacity Secondly, the absence of a cushion increases the 
incidence of postopeiative backache, so the appaiatus should not be used 
routinely but only wdien it is likelj to help 


Figures 9 and 10 m the article on “Surgical Problems of War,” by Mr L R 
Broster, in the June, 1941, Annals of Surgery, in addition to the acknowledgment to 
the Ro>al Society of Medicine should have carried credit to Dr E G L Bywaters and 
Dr D Beall 
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THE PROPHYLAXIS OF PULMONARY EMBOLISM BY 
DIVISION OF THE FEMORAL VEIN 

Jacob Fine, jM D 

AND 

John B Sears, M D 

Boston, M^ss 

riiOSI THE DEIMITMINTS OF SI IK HO, Itl-TH ISU\H IIOSIITM \M) TIIF 11 \n\ MID MIDICVb SCllOOE, BOSTON, MASS 

The purpose of this communication is to oftei evidence that division 
of the femoial vein is adiisable as a loulinc ophylactic measiiie against 
pulmonaiy embolism when thiombosis of the deep veins of the lower leg 
IS piesent oi suspected ^ 

The common impression that a pulmonaiy embolus is an unavoidable 
accident is no longei tenable Available evidence demonstiates that the site 
of oiigm of the thiombus lesponsible foi the pulmonaiy embolus is, as a 
lule, not in such inaccessible areas as the iliac and pelvic veins, but lather 
m the veins below the common femoial and, piimaiily, in the veins below 
the knee In 133 cases of venous thiombosis, Fiykholm^ by anatomic dis- 
section found the following distiibulion Eighty-five (64%) N\ere located 
m the popliteal vein or its blanches, foui (3%) m the femoial vein distal 
to the vena profunda, 25 (18%) in the vena piofunda 01 its branches, 
foui (3%) in the common femoial, two (15%) m the iliac veins, and 
eight (6%) in the deep pelvic veins It is, therefoie, cleai that m 85 
per cent of Fiykholm’s cases of venous thiombosis the process was distal 
to the entiance of the piofunda, le, in the femoial vein and, piimaiily, in 
its branches below the knee 

Neuman,- in an unselected senes of 165 patients, dead of a vaiiety of 
diseases, surgical and otheiuise, studied the veins of the leg by dissection 
of the plantai and thigh veins and by seiial sections at 2 cm inteivals 
along the veins of the lower leg Venous thrombosis was found m 100 

It should be clear that we are not concerned in this paper with pulmonary embolism 
arising from auricular fibrillation or any vascular disorder of the venous sj^stem cephalad 
to the great veins m the pelvis 
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cases, in 52 per cent the piocess was bilateial Thrombosis in the veins 
of the thigh vas piesent in 45 pei cent, but in eveiy instance only as a 
continuation of a more distal thiombosis and nevei as an isolated process — 
an observation recently confiimed m the living subject by Bauer Neuman 
demonstiated the segmental distiibution of the thiombosis, with inteivals of 
fieedom at those points in the lowei extremity where compression by extra- 
venous structures is likely Thrombosis, solely in the plantar veins, was 
equally distributed among all decades from 20 to 80 years of age, throm- 
bosis, solely in the deep veins of the calf, inci eased in frequency with age 
Neuman considers thrombosis in the plantar veins a more malignant type 
because it gave evidence of a gi eater predisposition toward rapid propaga- 
tion of the clot into the veins of the thigh Twelve per cent of cases with 
thrombosis showed massive pulmonary emboli An additional 34 per cent 
showed multiple nonfatal emboli 

Roessle^ found thrombosis in the deep veins of the calf in 88 of 324 
routine autopsies in adults over 20 years of age Of these, 38 showed, m 
addition, thrombosis m the femoral veins Ten cases showed massive pul- 
monary emboli arising from the femoral vein, in all of which there was 
an associated thrombosis in the calf veins 

In a statistical study of 897 cases of fatal and nonfatal embolism 
by Barker, ef al 45 per cent were said to have shown no clinical or necropsy 
evidence of venous thrombosis The absence of clinical evidence is notori- 
ously unreliable because thrombosis is often not demonstrable by prevailing 
clinical methods The absence of necropsy evidence cannot be accepted 
as proved, because the examination did not include a dissection of the veins 
m the lower thigh and lower leg ® 

Of a total of 1,401 cases of postopeiative thrombophlebitis reported by 
these authors, 1,199 (856%) were in the veins of the lower extiemities 
Of these, 502 were in the “short saphenous” (Avhich we would interpret as 
intended to mean the deep veins in the calf), 160 were in the long saphe- 
nous, and some 537 in the iliofemoral veins It is not possible to learn 
from the evidence given how many of the latter were extensions from 
the lower leg and how many were limited to the iliofemoral veins In any 
case, since embolism from the long saphenous and from “primary” ilio- 
femoral thrombophlebitis is rare,® it is clear from these data, also, that the 
parent source of most emboli is at a site below the common femoral 

On the basis of the above considerations the deep veins of the lower 
leg must be regarded, by fai, the most common site of oiigin of venous 
thrombosis The condition is dangerous because the thrombus frequently 
extends proximally as a long, soft clot, which, if detached, produces a fatal 
01 nonfatal embolus, depending upon its size 

To anticipate such an accident is obviously preferable to the heroic type 
of interference described by Nystrom Intiavenous heparin® seems effec- 
tive. but it is not likely to become a universally adaptable method (i) be- 
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cause of its expense, and (2) because it involves too much of a bniden on 
the patient to justif}^ its lontine employment in postopeiative patients, even 
if limited to people of middle and advanced age Since the pieventive 
measuies now in geneial use'’ aie fieqnently unsuccessful, even when con- 
scientiously applied, thiombosis continues to be an unsolved problem In 
these cii cumstances, division of the femoial vein is the only piomismg al- 
ternative as an efficient pioph)laxis against embolism This proceduie was 
hist lecommended and applied by Homans and has been so employed oc- 
casionally, by othei s Oui puipose is to show why its adoption as a 

loiitme measuie is essential if a significant 1 eduction in the moibidity and 
moitaht}^ fiom embolism is to be achieved 

As stated at the beginning of this communication, the pioceduie should 
be utilized when thiombosis of the deep ^elns of the lowei leg is present 01 
suspected Such a diagnosis lequiies caieful and lepeated examination of 
the lowei legs foi the eailiest manifestations of this disease These aie (i) 
pain 01 tenderness m the sole of the foot 01 ankle, but usually in the calf 
muscles, (2) pain on foiced doisiflexion of the foot (Homan’s sign*’, (3) 
slight fevei , (4) inci eased local heat (dela3^ed cooling — Pilchei^®) , (5) local 
edema, (6) mduiation, (7) fulness of supeificial veins, and (8) slight 
cyanosis"^ Unfoitunately any or all of these signs and symptoms may be 
absent 

In the total absence of local evidence of thiombosis, the diagnosis of 
couise cannot be made unless a pulmonary embolus discloses its piesence 
Fatal embolism may occur as a hist event m the total absence of localizing 
signs 01 symptoms Such unanticipated catastiophes cannot be avoided 
when the site of thiombosis is 111 such inaccessible aieas as the pelvic or 
iliac veins But since the laige majoiity, as already indicated, arise in the 
deep veins of the lower leg, many fail of anticipation not because the 
thiombosis is clinically undemonsti able, but because a meticulous inspection 
of the lowei legs m immobilized individuals, postoperative and otherwise, 
has not yet become a clinical habit 

Bauer^® lecently introduced a technic, similar to that described by 
Dougherty and Homans,^® which is appaiently effective for the adequate 
visualization of the deep veins of the lower extiemity A venogiam, taken 
aftei 20 cc of a 35 per cent solution of peiabrodilj aie slowly injected 

■' The term “phlebitis” as used in the subsequent text, refers to this clinical syndrome, 
which is different, at least in degree, if not in type, from the condition commonly known 
as milk-leg — a far more outspoken syndrome, in which the process apparently centers 
in the iliofemoral veins and is accompanied by considerable fever and marked edema of 
the whole leg, but which is only rarely lesponsible for pulmonary embolus Incidentally, 
the prevailing opinion that so-called primaiy iliofemoral thrombophlebitis arises, ab 
vntio, in the iliofemoral veins is based on the fact that the clinical signs and symptoms 
are first noticed in the region of these veins The accumulating evidence from adequate 
pathologic studies raises the suspicion that the process in many, if not most, instances is 
an extension from a silent thrombosis lower down 

t Diodrast is probably the best approximation on the American market 
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into the small saphenous vein, exposed undei local anesthesia, at the ankle 
(with the heel elevated on a 6 cm block), will disclose the presence or 
absence of a deep phlebitis The special viitue of this piocedure is two- 
fold (i) If a nonfatal embolus has occuired m the absence of local signs 
or symptoms of phlebitis, the side on which it exists can be determined, 
(2) by disclosing the extent of involvement of the femoial vein, a guide 
to the level foi effective piophylactic division of the gieat veins in the 
gioin IS provided Venography, immediately following the rapid injection of 
20 cc of a 50 pel cent solution of peiabrodil into the internal saphenous 
at the midthigh, can be utilized to deteimine whethei the piocess has pro- 
giessed beyond this legion 

A policy of loutine division of the femoial vein, when thiombosis is 
discoveied by local evidence 01 by the occurrence of a nonfatal embolus, 
can leceive sympathetic consideration only if the iisks of inaction can be 
shown to outweigh, by a good maigin, the iisks of mteivention The risks 
of inaction cannot be assessed with piecision from existing statistical 
evidence because many cases of thrombosis and of embolism aie fiequently 
ovei looked 01 wiongty diagnosed Howevei, an appioximation to the 

facts IS possible Pilchei’s’^^ data shows that about one peison in 20, who 
had clinically recognizable thiombosis, died latei of embolism, and about 
one peison m 12 who had a pieviotts nonfatal embolus, died of a subsequent 
embolus The evidence f 10111 the recent studies of Baikei, et ol is even 
moie staking One peison 111 17 (30 out of 502 cases of tin ombophlebitis 
in the “short saphenous”), who had clinically lecognizable thiombosis in 
the deep veins of the lower leg, died latei of embolism, one peison 111 five 
01 six with a pievious nonfatal embolus (124 out of 678 cases of nonfatal 
embolus) died of a subsequent embolus Baikei, ct al , conclude that if all fatal 
embolisms which weie pieceded by a clinically diagnosed nonfatal embolism 
could be pi evented, the total numbei of the fatal embolisms would be re- 
duced by about one-thud” In oui view, the foiegoing facts constitute a 
situation akin to any thieatening emeigency m which theie is a substantial 
likelihood of a fatal complication 

To illustiate the disastrous consequence from failuie to inteivene when 
thiombosis m the deep veins of the lowei leg is known to exist, we cite 
the following recent experiences 

Case I — An obese, hypei tensive diabetic female, age 63, entered tbe hospital with 
a painful left great toe which showed signs of vascular insufficiencj' For two years she 
had had signs and symptoms of peripheral vascular disease of both legs, and for five 
weeks, pain in the left leg while resting After conservative measures failed to afford 
relief amputation was advised, but the patient insisted on relief of pain b} a less radical 
method Three of the sensory nerves to the foot were crushed, through appiopriate 
incisions in the lower third of the leg, on the twentieth day of her hospital stay The 
following day she complained of an unusual amount of pain 111 the calf of this leg, 
examination of which showed edema, slight cyanosis and venous engorgement The 
temperature was 101° F Because of the prevailing lack of a decisive policy as to 
whether or not to divide the femoral vein in phlebitis of the leg, decision was deferred 
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The next iiioimng on getting into a chair she collapsed, became cyanotic and died 
suddenly with all the classic signs and sMiiptoms of massive pulmonaiy emholus 

Case 2 — A male, age 43, vas admitted foi Buerger’s disease of both lowei extrem- 
ities and hypei tension The deficienc}' in the cii dilation of the left leg was due more to 
Aasospasni than to organic occlusion Accoidingly, a left lumbar sympathectomy was 
pel formed Five dajs later theic was slight hemoptysis, his tempcratiiic rose to 103° F , 
and he showed signs in the right lower lobe wdiicli were mteipieted as due to an infarct, 
with superimposed pneumonitis He was clinically cuied of this complication by the 
twelfth postoperatuc dai But on the fifteenth postopei ative day he complained of slight 
pain 111 both legs Thcie was tenderness on piessure over the calf muscles, and phlebitis 
ivas suspected In this, as in the preceding instance, division of the femoral vein was 
under consideration but not earned out Twentv-four houis later he was seized with 
substernal distress, became dyspneic and cyanotic, and died 111 less than ten minutes 

Case 3 — A male, age 69, w alked into the hospital complaining of pain in the right 
lower quadiant of the abdomen of 36 houis’ duration Theie w'as vomiting at the onset 
of the illness, and he had had tw'O severe chills on the day before entry Until then he 
had alwavs enjoyed good health Phjsical examination showed a temperature of 104 5° F , 
pulse 90, respiration 20 The cardioicspiratory sjstem was w'ltliin normal limits Except 
for a right hydrocele there w'as nothing else of note except evidence of a mass in the 
right low’cr quadrant which was presumably an appendiceal abscess Under local infil- 
tration anesthesia, an acutely inflamed appendix w'as removed Theie w’as a large mass 
of inflamed mesenterj around the appendix and evidence of local pylephlebitis The 
following day the temperature w'as normal and remained so Because of his age and his 
apparent state of w'ell-being, he w'as allow'ed out of bed He sat up most of the day and 
w'alked during tlic last tw'o of the subsequent six dajs, during w'hich he felt entirely well 
On the afternoon of the sixth postoperative day he complained for the fiist time of pain 
111 the right calf Examiiidtion show'cd model ate edema of the calf and ankle and 
tenderness on deep piessure o\ei the calf muscles He w'as put to bed w'lth the intention 
of dividing the femoral vein the following morning, should no improvement in the 
phlebitis occur overnight At 7 a h of the seventh day, after an entirely comfortable 
night, w'hile talking to the nurse, he suddenly felt acute substernal distress, became 
dyspneic and pale, and died within a few minutes 

Comment — In all tlnee patients the existence of phlebitis in the lower 
leg was known in advance of the detachment of the embolus The evidence 
foi phlebitis was cleai-cut in Cases i and 3, and suggestive in Case 2 A 
complacent attitude towaid the phlebitis in the latter instance could hardly 
have been justified on the basis that the signs and symptoms weie not out- 
spoken The first embolus was sufficient notice of its piesence The expeii- 
ence in all thiee patients demonstrates the fact that theie is no peiiod of 
watchful-ivaiting that may be consideied a safe mteival between the onset 
of phlebitis and the hbeiation of an embolus Had a policy of intervention, 
by division of the femoial vein, instead of one of hesitation been adopted, 
there is good reason to believe that death could have been pi evented 

The prophylactic effectiveness of division of the femoral vein cannot be 
pioved in any given case in which it is undei taken, foi no one can assume 
that, otherwise, an embolus would have been discharged fiom the aiea 
caudad to the division Its value can be affirmed with ceitamty only after 
loutine division m a very laige senes of patients with phlebitis should 
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succeed in demonstialing an mconti ovei tibly loweied incidence of pulmonaiy 
embolus, fatal oi nonfatal Neveilbeless, the pioteclive effect of dividing 
the femoial vein seems to have been demonstiated in the following illus- 
tiative cases 

Case 4 — A male, age 40, with well-niarked thromboangiitis obliterans of the left 
leg, was submitted to deneriation of the foot foi iclief of pain, by crushing the appropriate 
sensory nerves abo^e the ankle, undei spinal anesthesia Five dajs later he complained 
of pain in the left calf Fe^el, leukoc^tosls and edema of the leg were noted at the 
same time That evening he complained of pain in the left anterior chest, aggravated bj 
inspiration On the sixth daj there were d\spnca, c\anosis and signs of consolidation 
m the left lower lobe The roentgenologist interpreted the film of the chest as showing 
“consolidation at the left base, probablj a pneumonitis, possibh an infarct” On the 
seventh day the left femoral vein just below the profunda was divided Hippuran w'as 
injected into the distal end of the \ein, and the roentgenogram showed a cone-shaped 
filling defect Slow resolution of the pulmonaij process occurred and he seemed much 
improved on the sixteenth dav But on the eighteenth day he complained of pain in the 
right calf which was tender on pressuie and there was slight pretibial edema Fever 
recurred, and on the twenty-fouith daj there was evidence of infarction m the right 
low'er lobe The right femoral vein was divided just below the profunda that evening 
Two days later he complained of pain along the right femoral aein 111 Hunter’s canal 
Resolution of the phlebitis and the pulmonary infaiction occurred, and he was discharged, 
well, 12 dajs after the second vein w'as divided 

Case s — A female, age 47, had a cholecj stectomv, undei nupei came spinal anes- 
thesia Nine days later she felt some pain in the right calf but did not mention it to 
the house officer On the eleventh postoperative day she was allowed to sit up wuth 
the feet over the bedside That afternoon she w-as dvspneic and felt “a heaviness over 
the breast bone, like a cold coming on” The temperature rose, the pulse increased to 
130, and respirations to 30, but all of these signs and symptoms subsided the following 
morning That afternoon she went into collapse, the blood pressure fell to 45/30, there 
was dyspnea, cyanosis, sphincter incontinence, cold, clammy extremities, and a rapid 
thready pulse The next morning there W'as tenderness in the right calf and the patient 
then admitted pain in this region during the preceding four days A roentgenogram 
showed an infarct in the right low'er lobe Under local anesthesia, the light femoral vein 
was divided After division the distal segment collapsed, suggesting a block to the flow 
distalb She was discharged, cured, 12 days later 

Case 6 — A female, age 54, complained of sudden pain in the right chest on the 
third day followung the repair of a large incisional hernia Fever, tachypnea, and signs 
of consolidation in the right upper lobe were noted the next day A roentgenogram 
showed an area of increased density m the right upper lobe, which w'as interpreted as 
atelectasis by the radiologist The right leg w'as swollen, and there w-as some pain deep 
in the adductor muscles of the thigh Tw'o days later the right femoral vein was divided 
Roentgenography of the vein, after hippuran had been injected distally, showed a definite 
mottled filling defect, consistent w'lth a large thrombus at the niidportion of the vein, 
about 7 cm long The signs in the lung persisted for another w'eek and then disappeared 
Case 7 — A male, age 65, with a carcinoma of the rectosigmoid, show'ed signs of 
pneumonitis at the right base 16 days following a cecostomy for acute obstruction of the 
colon A roentgenogram was interpreted as showung “atelectasis, or perhaps an infarct ” 
There was pain in the right chest but no evidence of phlebitis in either leg Tw'o days 
later the left leg was slightly swollen at the knee, but there was still no other evidence 
of phlebitis in either leg Four days later there w'as much bloody sputum Both legs 
w'ere now' sw'ollen Eleven days later pain in the right chest recurred, and there was 
marked hemoptvsis After a three-da> interval, free from symptoms, he complained of 
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pain in the left calf The same day both femoral veins were divided, with subsequent 
rapid disappeai ance of all signs and symptoms in the chest 

Comment — In this patient an infarct was the fiist evidence of phlebitis 
The appeal ance of bilateial swelling, along with furthei embolism, and 
finally pain in the left calf, led to bilateial division of the femoral veins 
with the desiied lesult and without untoward sequelae Inteivention fol- 
lowing the occuiience of the fiist m- 
fai ct would have necessitated biiatei al 
ligation and division because of the 
total absence of localizing evidence of 
phlebitis Division of the femoi al 
vein on an obviousty involved side, as 
a mattei of fact, will not guaiantec 
protection against further embolism, 
for there may be a silent phlebitis on 
the opposite side In this connection 
the frequency with nhich Neuman- 
found bilateial thiombosis ( 52 %) b) 
anatomic dissection must be borne m 
mind Since the radiologic diagnosis 
of phlebitis, not otheiwise lecogniz- 
able, IS now possible^® hesitation to inteivene when a nonfatal embolus has 
occuiiied can no longer be justified on the giound that a guide to the site 
of the phlebitis is lacking In the pi esent controvei sial phase of the problem, 
howevei, one may be content nith iinilateial ligation if there is an obviously 
involved side 

Division of the feinoial vein just below the vena piofunda is the most 
desiiable site foi blocking the dischaige of an embolus from the deep veins 
of the lower leg, because no proximal segment of vein with a sluggish 
stream is left, while the profunda and the internal saphenous lemain as ade- 
quate pathways for the letuin flow of blood The opeiative exposure nec- 
essary foi this purpose (Fig i) permits a simultaneous examination of the 
vena piofunda and a division of this tributaiy if it contains a thiombus 01 
clot or if theie is pieopeiative evidence of thrombosis in the deep tissues 
of the thigh (18 pel cent m Fiykholm’s series) If division of the common 
femoral is necessaiy m oidei to shut off the profunda as well as the femoral. 
It may be done A slight amount of transitory edema due to the division 
Itself may result Division of the femoi al vein does not affect the phlebitic 
piocess adversely, on the contraiy, the signs and symptoms generally subside 
lather moie piomptly than otherwise This is evidently due to the fact that 
division of the vein simultaneously divides some of the sympathetic pathways 
involved in the leflex vasospasm, which not infrequently adds to the pain and 
edema altiibutable to the phlebitis 

If there has been much delay in the division of the femoi al vein and 
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the soft clot has advanced beyond the common femoial, it can be sucked out 
One ma)% howevei, find instead a fiimly fixed thiombus, as in the following 
cases 

Case 8 — A male, age 70, was allowed to sit up on the ninth da) following the 
repair of an incaicerated inguinal hernia The next day he complained of pain in the 
right calf There was deep tenderness over the calf and pain on passive dorsiflexion of 
the foot, but no swelling or fever Division of the femoral vein was advised but refused 
Three days later fever occurred, but the calf pain and tenderness had disappeared, while 
tenderness appeared in the femoral triangle Division was again advised and this time 
accepted The vein was found thrombosed and surrounded bv an organizing exudate A 
section of the vein was removed and showed beginning organization of a thrombus 
Forty-eight hours later the tempeiature was normal, and the patient was discharged 
96 hours after division 

Case 9 — A male, age 48, complained of pain in the right lower leg on the fifth day 
following a laminectom) for the removal of a ruptured intervertebi al disk Examination 
of the leg showed mottled cyanosis of the ankle and edema and tenderness over the calf 
muscles Early on the sixth postoperative day he suddenly went into collapse, became 
cyanotic and complained of pain in the lower left chest which was aggravated b) 
inspiration An electrocai diogram showed no changes suggestive of coronary occlusion 
A roentgenogram on the seventh postoperative day was interpreted as show'ing an infarct 
at the left base Theie was gradual improvement in the phlebitis and the pulmonarj 
complication until the sixteenth postoperative day Avhen he developed dyspnea and severe 
pleurodynia in the right axilla A roentgenogram showed right pleural effusion and a 
probable underlying infarct At tins time edema of the right thigh was observed The 
right femoral vein was then divided, but thrombosis extending above the inguinal ligament 
was noted An excised segment of vein showed an organizing thiombus with perivas- 
cular edema and inflammation Edema of the right ankle persisted for a month there- 
after, and toward the end of this period edema of the left ankle w’as present 

Comment — It is difficult to be certain that the light femoral vein was 
the sotnce of both emboli That it may possibly have been the left is sug- 
gested by the appeal ance of edema in the left leg at a late stage m the 
convalescence Theie was an inteival of 17 days between the onset of phlebitis 
in the right calf and the division of the light femoial vein Duiing the 
inteival two successive infaictions occuiied The advancing thiombosis had 
by this time extended beyond the site of election for dividing the vein This 
case illustiates the fact that the thiombosis does not always lemain a localized 
process, with a supei imposed soft clot Waiting may allow the thiombotic 
process to advance beyond the point wheie division at the level herein recom- 
mended can be useful 

The indications foi division m these circumstances have not as yet 
been cleaily defined It is geneially tiue that if the process extends piox- 
imally as a fixed thiombus, instead of as a clot, the dangei of embolus is 
distinctly lessened Howevei, occasionally embolization will occui This is 
well illustiated m the following case, although the thiombus in this instance 
involved the long saphenous lathei than the deep femoial 

Case 10 — A female, age 69, entered the hospital, with acute intestinal obstruction 
A,t the same time acute thrombophlebitis involving the entire right varicose saphenous 
^em w'as noted A Miller -Abbott tube achieved satisfactory deflation of the intestine 
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wJthin 48 hours After four more dajs of restoiatjvt theiapy, during ^\hlch the right 
leg had been kept elevated, without significant change in the thrombophlebitis, she was 
prepared foi exploration foi carcinoma of the colon While m position for nupercame 
spinal anesthesia, with the legs firmly flexed on the abdomen, her respiiations became 
rapid and shallow and the blood pressiiie fell to 6o systolic aftei lo cc of i 1,500 nuper- 
caine had been injected Two doses of intravenous neosynephrm weie gnen, the anes- 
thetist expecting that she would shortI> respond to the vasopiessor treatment Death 
follou ed shortly thereaftei , and u as attributed to nupercame poisoning Autopsy revealed 
an obstructing carmoma of the cecum, with hepatic metastases, and a large, flesh 
embolus plugging the pulmonaiy conns The embolus was shown to have arisen from 
the thrombus 111 the saphenous vein fioni which it bioke off probably during the spinal 
anesthesia 

CojsiMCNT — The dangei of a pulmonaiy embolus fiom saphenous thiom- 
bophlebitis is legaided as inconsequential If manipulations of a patient can 
detach a presumably finnl}'- fixed thiombus, the lelative ease with which Ji 
patient s ow n movements 01 the manipulations of an attendant can dislodge 
a soft piopagating clot in the deep s3Stem is obvious 

Division of the popliteal instead of the femoial vein is not satisfactoiy, 
as the following expeiiences show' 

Case II — A female, age 70, complained ot severe constant pain m the light calf 
and ankle 12 dajs after a left radical inastectomj foi carcinoma of the bieast Afarked 
edema, venous engorgement, slight c%anosis along the lowei half of the right tibia and 
exquisite tenderness on piessure oiei the right calf were noted Ligation (without 
division) of the right popliteal vein was performed immediately No clot or thrombus 
was obsened in this vessel Ten days later there w'cre signs and symptoms of a pulmonarv 
infarct in the light low'cr lobe, confirmed by a roentgenogram of the chest At the same 
time tenderness appeared along Huntei’s canal, suggesting a new thrombus proximal 
to the site of ligation Dn ision of the femoral vein w as advised but 1 efustd The intensity 
of pain m the low'er leg was much greater aftei than before ligation of the popliteal vein 
The pain, edema and cyanosis were mci eased by the ligation, peihaps because the obstruc- 
tion to venous retiun w'as too extensive Mild edema of the leg w'as still present eight 
weeks later 

Case 12 — A male, age 52, 12 daj's after the repair of a recuirent left indiiect 
inguinal hernia, experienced pain m the right calf muscles especially on dorsiflexion of 
the foot There was no edema or cjanosis Two days later the popliteal vein was divided 
Following division the pain increased m intensit> , fever occurred and edema appeared 
The pain subsided somewdiat after ten days, but he w'as not entirely free of pain three 
months after discharge from the hospital Six months later he still had edema 

Comment — Division of the popliteal vein should be avoided not only 
because it seems to aggiavate the symptoms and piolong the inoibidity, but 
also for the following leasons (i) The thiombus 01 clot in the deep veins 
may be found extending beyond the popliteal (2) Since the femoial vein 
below the piofunda leceives few^ blanches of any consequence, division of 
the popliteal lesults m a sluggish column of blood which may peimit the 
foimation of a clot of sufficient length, if delaclied, to ping a laige bianch of 
the pulmonaiy aiteiy 

A consideration of the 1 isles involved in division of the femoial vein must 
take account of the possibility of initiating a thiombosis pioximal to the site 
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of division Since division just below or above the piofunda does not leave 
a long proximal segment of vein lacking large active tributaries, there is no 
good reason to fear this possibility In any case, theie is no evidence of its 
occurrence in our expeiience, and no mention of it is made in the experience 
of Homans,^^ Faxon,^® and O’NeiF® when the vein at the site of division was 
free of clot or thrombus 

The risks involved must also take account of the possible undesirable 
late sequelae of the proceduie, namely peisistent edema, pam or functional 
disability Such sequelae do not justify the conclusion that the division pet se 
IS any moie responsible for them than the phlebitis foi which the division 
was done We cannot find, in our expeiience, that division below or above 
the piofunda contributes, in any substantial degiee, to what might have been 
e^’^pected had nothing been done Indeed, as Homans® and Bauer’-® have 
repeatedly observed, the process was commonly observed to subside more 
quickly than otherwise as a diiect consequence of the operation 

In a follow-up study, two to 20 months aftei dischaige fiom the hospital, 
all patients with phlebitis, whether the feinoial vein was divided 01 not, 
showed varying degrees of edema of the leg In a few instances the edema 
was so slight that a woven bandage was not requned In the majoiity, the 
swelling, though moderate, could be controlled easily with appropriate sup- 
port, without support the swelling at the end of the day caused heaMuess 
and discoinfoit Swelling was most maiked in two patients in whom femoial 
vein exploiation revealed extension of an oiganized thrombus bej'ond that 
level Appaiently the higher the obstructing thrombophlebitis, the greater 
the swelling when the patient becomes ambulatoiy, regaidless of whethei 01 
not the vein has been ligated 

In several patients who were ambulatoiy befoie the diagnosis of thiom- 
bosis was made, no increase in swelling was obseived aftei the femoial vein 
was divided None of those who weie opeiated upon developed, dining the 
follow-up peiiod, a degree of edema even lemotely resembling that seen in 
"milk-leg ” None gave evidence of postphlebitic induration 01 ulceration 

Efifoits to locate the thiombus by loentgenographic visualization of the 
veins distal to the point of division dining opeiation have yielded only 
occasional positive lesults Theie weie two patients m whom a filling defect 
mdicatne of a clot 01 thrombus was cleaily demonstiated In otheis the 
retrogiade cm rent of ladiopaque medium was abiuptly halted by valves 01 
obscured by excessive dilution This is to be expected in most instances 
because the ladiopaqiie medium is injected usually at a considerable distance 
fiom the thiombus Pieoperative venography by the technic of Bauei’® 
promises to render othei methods obsolete 

Since Hampton and Castleman,’^ Neuman,® and otheis’’’ have demon- 
stiated in autopsy matenal a high incidence of pulmonaiy emboli in non- 
sin gical patients (without caidiac disease), the pioblem of pulmonary em- 
bolism fiom deep phlebitis can no longei lemain the exclusive concern of 
the surgeon The tendency to the development of venous thiombosis, a 
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necessai}^ piecuisoi of embolism, must be legaided as common to adults, 
especiall} ovei tlie age of foity, confined to bed, whethei at home oi in a 
hospital 

SUMMARY AND CONCLUSIONS 

Till ombosis of the deep veins of the lowei leg is the focus of origin of the 
gieat majority of pulmonaiy emboli 

Pulmonaiy embolism until lecently has been regaided as a diamatic post- 
opeiative catastiophe foi which adequate piophylactic or theiapeutic measures 
aie not available This is no longei tenable except in the case of massive 
embolus yIiicIi has occuiied in the absence of detectable signs of venous 
till ombosis of the lower leg and in the absence of a pievious episode of 
embolism 

If the surgeon will conscientiously obseive the patient from the very 
beginning and thiougbout the postoperative peiiod foi the signs and symp- 
toms of phlebitis in the deep veins of the lowei leg, he is likely to discover 
the existence of at least suspicious evidence of phlebitis in a much larger 
number of instances than heietofoie in advance of the discharge of an 
embolus 

If the evidence of phlebitis in the lowei leg is cleai -cut, immediate division 
of the femoral vein below or above the piofunda should be done (bilaterally if 
both legs aie involved) If embolism has not yet occurred, the pioceduie may 
be considered a justifiable piophylactic measure If an embolus has been 
discharged, however massive it may be, so long as it is not fatal, immediate 
division of the femoral v^ein is the one most effective measuie lemaimng to 
prevent the dischaige fiom its commonest source of still another embolus 
which may prove fatal 

If the evidence of phlebitis is only presumptive, a decision can be i cached 
by the venographic technic of Bauei 

If embolism has occuried in the total absence of signs oi symptoms of 
phlebitis, the process will usually be demonstrated and laterahzed by the 
venographic technic of Bauer An embolus hencefoith can be assumed to 
have arisen from the pelvic or other inaccessible veins only when no involve- 
ment of the deep veins of either lower extiemity is shown to exist by 
employment of this technic 

There is no good evidence that division of the femoral vein involves any 
significant immediate risk or adds to the disability created by tbe phlebitis 
itself On the contiary, aside from its prophylactic value for embolism, 
division appears to exert a favorable influence on the course of the disease 
probably because of the concomitant disruption of some of the pathways 
involved in the accompanying vasospastic reflexes 

Because pulmonary infarcts and fatal pulmonaiy embolism due to phle- 
bitis of the lower leg occur frequently in nonsurgical as well as surgical 
patients, the therapeutic problems involved become the common concern of 
the internist as well as the surgeon 
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THE MANAGEMENT OF LYMPH NODES IN THE NECK- 
J^IETASTATIC FRO^^'I CARCINOMA OF THE MOUTH-^ 

Robert H Kennedy, MD 
New Yohk, N Y 

>llOM TIIV TCMOU CUMC, hKIN \ND CANCER BNIT, NEW -iORK POST-GR\DU\TE MEDICVE SCHOOL KND HOSPITAL, 

COICMni\ BM\FnSIT^, NEH lORK, V 1 

It is geneially conceded that cancer is a local lesion at fiist, that theie is 
no means of detei mining ho^^ soon metastasis may take place, oi whether it 
has taken place, until considerable progiess in the secondaiy giowth has 
occuiied, that lemoval of the local lesion only is useless if metastasis, whether 
lecognizable oi not, has taken place Neveitheless a large volume of literatuie 
exists aigumg against the value of lymph node excisions in intra-oial cancel 
The local lesion in buccal caicmoma is laiely the cause of death Meta- 
static involvement of the ceivical nodes, \\ith its sequelae, is the usual cause 
Treatment of the ceivical diainage aiea may be by disiegard, by ladiation, by 
surgeiy, oi by a combination of the lattei two A defeatist attitude towaid 
the ultimate result of any type of tieatment of any caicmoma is still all too 
common among the lay public, the geneial medical piofession, the general 
suigeon, and the geneial ladiologist This is one of the leasons why treat- 
ment, recommended by suigeons or ladiologists specializing in the cancer field, 
IS often earned out in an indiffeient fashion by otheis The motions of giving 
tieatment aie gone thiough, but, evidently with no expectation of peimanent 
good result The moitahty fiom buccal caicmoma is shown in Table I 


Tablc I 

CANCLR or TIIC BUCCAL RECION (NOT INCLUDING PHARYNV) 

IN UNITED STATES REGISTRATION AREA 

Deaths Per loo ooo 


Cancer of 

1914 

4 Q 3 S 

JQ14 

193s 

Lip 

376 

727 

0 6 

0 6 

Tongue 

614 

1,076 

0 9 

0 8 

Mouth 

230 

550 

0 3 

0 4 

Jaw 

8SI 

999 

I 3 

0 8 

Others 

199 

600 

0 3 

0 5 

Totals 

2 270 

3,952 

3 4 

3 I 


Since 1914, the advent of external radiation and inteistitial ladium has 
added a poweiful weapon to cancel treatment m many locations In the early 
years its use was in the expeiimental stage and statistics could not be consid- 
ered of permanent value For several yeai s past many of its advocates have 
been sufficiently satisfied with then lesults to advise against the use of suigeiy 

''Read before the Third International Cancer Congress, Atlantic Cit}^, N J, Sep- 
tember 14, 1939 
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in some locations One of these is the loutine dissection of lymph nodes m 
the neck — ^metastatic from caicinoma of the mouth 

Block dissections of the neck weie never a popular opeiation with the 
geneial suigeon It is a field in which he is not called on to work frequently 
The pioceduie is a piolonged one lequuing patience, meticulousness, and an 
enthusiasm about the ultimate lesult An intimate knowledge of the anatomy 
of the neck is lequired Foi these various leasons, block dissections of the 
neck have been in many instances a name only, lather than a true description 
of the method which was cained out Theiefoie, the geneial suigeon was 
often pleased to side-step these piocedures, when he found that a ladiotheiapist 
would take them off his hands 

Heie IS one of the most obvious lesions, causing early symptoms, not 
requiring any complicated aids to diagnosis, which should have been affected 
by lay education at least as much as any othei lesion The local lesion can 
be eradicated by either radiation oi suigery, and this must always be done 
befoie operation on the lymphatic diainage aiea which is affected I believe the 
local treatment usually has been lendeied well for some yeais past But it is 
the metastatic involvement which generally kills Block dissections of the 
neck seem to be pei formed less fiequently and, in spite of ladiotherapy, the 
death rate has impioved but little ovei a penod of 21 yeais It can be ananged 
from this that the lymph node pioblem is not being handled vigorotisl} 
enough 

Except in the ladio-sensitne Giade III and IV lesions, there is little defi- 
nite evidence that external ladiation has a peimanent anesting effect on 
squamous caicmoma — metastatic to the cervical nodes Neck surgery should 
not be undei taken in Giade III and IV lesions or m lymph-epithelioma 
Complete regression of epidermoid caicinoma, metastatic in cervical nodes, 
from external radiation alone has been lepoited by some aiithois Since an 
inflammatoiy node can be mistaken leadil)'- foi a metastatic node, these results 
must always remain inconclusive Many of the most experienced ladiologists 
do not agree that this complete regression occuis Possibly by most radical 
irradiation this could be obtained, but I have not known of this being admin- 
istered except in advanced metastases Most radiologists claim few, if any, 
five-year arrests with pathologically proven involved nodes 

It is commonly argued that prophylactic neck dissections, i e , when lymph 
nodes aie not palpable or, being palpable, are believed not to be involved, is 
unnecessaiy surgery, since often the pathologist fails to find any involvement 
This does not necessanly mean that no metastasis to the region excised has 
occurred The pathologist has not found carcinoma in any of the sections 
which he examined Naturally, he does not make setial sections of all the 
tissue sent to him, but of nodes oi legions which appeal suspicious to him 
It IS possible, theoietically at least, foi one or a few metastatic cells to be 
present in a legional lymph node and impiacticable for the pathologist to find 
them Without a piophylactic neck dissection such deposits may continue 
to grow 
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In a senes of 64 patients with carcinoma of the lower hp, in whom no 
lymph nodes weie felt and in whom piophylactic neck dissections weie per- 
foimed, we^ found metastases m nine instances, 01 14 per cent Simmons 
and Daland" lej^oited similai findings 111 25 pei cent Moiiow,® of oui insti- 
tution, found that of 18 tongue cases, m which it was stated that no nodes 
weie palpable and piophylactic neck dissections weie peifoimed, metastases 
weie piesent in seven instances, 01 39 pei cent Phillips,^ in 31 cases of 
buccal caicmoma with no clinical metastases, found microscopic involvement 
in 16, or 51 6 per cent Simmons,^ m 20 cases of oral caicmoma with non- 
palpable nodes, found seven which pioved to be cancel ous, 01 34 per cent 
We do not grant that lack of palpable nodes in the neck means that metastasis 
has not occuried 

Among 98 patients 111 oui series^ with cai cmoma of the lowei hp in whom 
lymph nodes weie felt and neck dissections weie performed, tissue exami- 
nation proved that metastases weie present in 32 instances, or 33 per cent, 
and the remaining cases showed hypeiplasia only Regaud® states that 
palpable nodes aie cancel ous m 60 pei cent of these cases Moiiow^ found 
microscopic invohement 111 25 of 48 tongue cases with palpable nodes, or 
52 per cent Phillips,^ in 59 cases of buccal caicmoma with clinical me- 
tastases, found micioscopic involvement 111 37, 01 63 per cent Simmons,® 
in 22 cases of 01 al cancel with palpable nodes, found 12 involved, or 55 pei 
cent We do not giant that a man expeiienced in this field can decide whether 
enlarged nodes aie involved 01 not, as long as there has been no break 
through the capsule Theiefoie, we aie unable to agiee that without neck 
dissection fiequent follow-up examinations offer assuiance to the patient as 
to the time when operative inteivention is indicated All agree that once a 
node has become fixed the likelihood of ariest of the disease by any method 
IS slight 

Theie is an mteival m all these cases before metastasis occurs Adequate 
local tieatment will lesult in 100 pei cent airest at that time Unfoi tunately, 
we have no means at present of knoAving in any individual patient that 
metastasis has not occurred Except in ceitain lip lesions, we believe that 
buccal cancers require some type of removal of regional nodes, on account 
of the danger of metastasis having occuried already 

The peicentage of patients who have metastases varies with lesions m 
different portions of the oral cavity It is difficult to obtain statistics on how 
many out of each 100 persons with these different lesions will develop me- 
tastases It seems conservative to expect 20-25 pei cent in lip cases (24 
per cent found in my senes) , 45-50 per cent in tongue cases (47 per cent 
found in Morrow’s® series) , and 50 per cent m cheek cases (51 per cent 
during observation in Martin’s'^ series) I believe that nearly all of these are 
doomed to death if the metastases are treated by external ladiation therapy 
only 

The direction of metastatic spread is more definite and localized from 
these lesions than from most cancers in other locations The different regional 
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nodes seem to act foi a longei time as a bai to furthei spiead oi metastases 
Technically, complete excision of the legion of node involvement can he 
undertaken with moie assuiance than m most other legions Except when 
involvement is found m the supi aclavicular legion, it is possible to excise 
the group of legional nodes next beyond the point wheie any involvement is 
found This should always he oui aim 

We make a piactice of maikmg excised neck specimens so that the pathol- 
ogist can tell exactly what legions are found involved In cancel of the lower 
lip our custom up to a few years ago was to peiform a block dissection of the 
neck as fai down as the omohyoid-ciossing of the jugulai vein This dissec- 
tion was bilateial, at two operations, if the lesion involved the middle third 
of the lip In 46 specimens showing metastatic involvement of the nodes, this 
was limited to the submaxillaiy oi submental regions m 40 instances In the 
lemaming six, all showed evident clinical involvement with caicmoma in 
the neck before operation Caicmoma was never found in nodes other than the 
submaxillary 01 submental when lymph nodes were not palpable m these 
legions befoie opeiation Figi^ states “Extension of the malignant process 
through the lymph vessels diaining directly into the deep cervical nodes or 
those enteiing the mental foramen rarely occurs, so that removal of the cer- 
vical nodes along with the submental and submaxillary groups is scarcely 
justifiable as a routine pioceduie” We agree with this statement 

In 1933, we’- presented a group of 193 patients who had had neck dissec- 
tions for caicmoma of the lower lip, with a mortality of ii 4 per cent We 
find that this publication has been used as an argument against neck dissec- 
tions Later we analj'-zed this opeiative moitalit}' fuithei We found that the 
majority of deaths occurred when some more extensive procedure than 
merely a neck dissection was earned out, e g , 2i bilateral block dissection at 
one operation, an extensive plastic procedure on the lip, or a partial resection 
of the jaw Among 163 patients who had block dissections to the omohyoid- 
ciossmg, with no more extensive procedure on the lip at the same time than 
a V-excision, there were nine deaths, or 5 5 per cent Since bilateral block 
dissections wei e effected on many patients at two opei ations, these 1 63 patients 
had 214 block dissections One might, therefore, consider the mortality ex- 
pected from this operation as 4 2 per cent This included operations for all 
stages of lymph node involvement and was not limited to prophylactic neck 
dissections If limited to the latter, the mortality would have been still lower 
We might say, then, that of an expected mortality of 20 per cent from devel- 
ojiment of metastatic lymph nodes we were salvaging 15 per cent immediately 
after block excision to the omohyoid-ciossing We believed that this Avas 
sufficient to justify the operation, but it Avas still large enough to be a real 
argument against prophylactic neck dissection 

Therefore, as a result of oui analysis of the lymph nodes found involved, 
Ave changed to a suprahyoid dissection only in those patients m Avhom Ave 
thought there Avas no evidence of metastases This has now been effected in 
81 patients Avith one death, or i 24 per cent This occurred on the fifth day 
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postopei alive fiom pneumonia, in a man, age 73 was thought by thiee 
exammeis, pieopeiatively, that a submental node was piobably involved No 
metastasis uas found The anestlietic Avas lectal ethei 

Involved nodes weie found 14 times, 01 173 pei cent liowevei, this 
opeiation was peifoimed in some instances wheie, on account of age or geneial 
condition, it Avas thought that, even though nodes might be involved, a more 
extensive neck dissection Avas inadAusalile This peicentage, theiefoie, does 
not repiesent oui findings of involved nodes m piophylactic neck dissections 
When involved nodes aie found 111 the sulimaxillaiy 01 submental regions, we 
believe a fuithei block dissection should be peifoimed to the omohyoid- 
ciossmg as piophylaxis 

Figi’s® moitahty foi the supiahyoid opeiation m 549 patients Avas o 18 pei 
cent We believe the moitahty foi this opeiation should not be moie than 
appi oximately i pei cent This Avould lepiesent an immediate postopei ative 
saAung of 19 of the 20 pei cent loss expected fiom ceivical metastases This 
loAV moitahty effectively ansAveis one of the arguments against piophylactic 
neck dissection 

What is the expected arrest when proved involved nodes are found ^ Since 
June, 1924, among the neck dissections aaIucIi have been peifoimed in caici- 
noma of the Ioaa ei lip, metastatic iiwolvement has been proved 111 54 patients 
It IS fail to state that 111 the eailier yeais patients Aveie opeiated upon with 
fixed nodes 01 jaiv attachment, in Avhom an opeiation Avould noAV be consid- 
eied conti amdicated Some of these patients Aveie dead Avithin a brief period, 
Avhen it had been lecognizcd at opeiation that the metastatic lesion, even 
giossly, had not been entiiely lemoved These factors must be taken into 
account in evaluating oui results folloAving neck dissection These aie shoAvn 
in Table II 


Tabie II 

RESULTS IN LIP CASES WITH INVOLVED NODES 


No of 
Cases 


Died m hospital 8 

Died within one year of metastases 6 

Died within one year cause unknown i 

Died within two years of metastases 6 

Died within three years of metastases i 

Died within four years of metastases i 

Died of other causes after being free of disease over five years 3 

Followed for less than one year or lost immediately 9 

Known to be well 12-18 months 2 

Known to be well 18-24 months 2 

Known to be well 2-3 years i 

Known to be well 3-4 years i 

Known to be well 4-s years 2 

Known to be well over S years 7 

Known to be well over 10 years 4 


Out of 54 patients Avith carcinoma of the loAver bp with proved metastatic 
invoNement in the nodes of the neck, 14 had their disease clinically arrested 
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ovei five years, or 26 pei cent Twenty-tin ee are known to be dead, either 
while still in the hospital or latei of metastases, or 43 pei cent The 1 emaindei 
have not been followed foi a five-yeai peiiod, and many of these we have 
lieen unable to find At least 26 pei cent weie aiiested foi five yeais, all of 
whom we believe would have been dead except foi this tieatment Figi’s® 
figuie for five-yeai aiiest, when bmiph node involvement is found, is 39 pei 
cent 

With opeiative moitality not ovei approximately i per cent for supra- 
hyoid neck dissections, with a five-yeai arrest of 26-39 cent, when nodes 
are found involved, we believe it is unjustifiable not to excise the regional 
lymph nodes, usually, m carcinoma of the lowei lip With the above consideia- 
tions 111 mind, a loutine foi lower lip cases has been used 111 the Cancer Unit 
of the New Yoik Post-Giaduate Hospital for ovei five yeais’’ 

Metastases fiom caicmoma of the lip have been my assignment at our 
clinic Othei men have worked on metastases f 10111 othei sources about the 
mouth Moiiow^ has published his findings concerning the tongue The meta- 
static spiead IS entirely diffeieiit With a unilateral lesion the fiist evident node 
involvement may be on the opposite side of the neck 01 in either supiaclavicu- 
lar legion I lost one patient one and one-half yeais aftei operation fiom a 
supraclavicular involvement on the opposite side In addition to the local 
removal, I had perfoimed a block dissection on the same side to the clavicle 
and on the opposite side to the omohyoid-ci ossing Metastatic nodes had not 
been found in either of these neck specimens, and theie was nevei any evi- 
dence of local recurience Yet, about 15 months aftei his original opeiations, 
a swelling developed m the opposite supiaclaviculai legion and he declined 
to leport for observation until it had alieady become fixed We agiee with 
Moirow that, where the condition of the patient will permit, there should be 
complete lemoval of the lymph nodes to the clavicle from both sides of the 
neck The five-yeai survivals with this operation were 50 pei cent, as com- 
pai ed with 30 5 per cent foi bilatei al opei ations to the omohyoid-crossing 
and 148 per cent for unilateral operations to the omohyoid-crossing The 
postoperative death late from 1931— 1935, inclusive, was 167 pei cent It 
was lowered from a pievious much liighei rate by undertaking more stages 
for completing the operative procedure We might say, then, that, of an 
expected mortality of 45 per cent from metastatic lymph nodes, we were 
salvaging 28 3 per cent immediatel)'^ after block excision of the regional nodes 
Where nodes weie pioved involved at operation, the five-yeai survival rate 
was II 5 per cent Without node involvement, theie weie 324 pei cent 
known five-j^ear survivals 

Foi years I believed that cancer of the hard palate was not particularly 
likely to metastasize However, in a small series MacFee and Zimany,^” of 
our clinic, found cervical metastases in 50 per cent Probably a block dissec- 
tion to the omohj^oid-ci ossing on the side of the lesion is what is required here 
as prophylaxis 

In cheek cancer our series is too small to draw definite conclusions Prob- 
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ably a uniiateial supiahyoid block dissection is all that is leqmied without 
clinicall)'' involved nodes, except when the lesion appi caches the tonsillar 
region Then a dissection to the omohyoid-ciossing should be undei taken Of 
couise, in each of these instances if involved nodes aie found, furthei dissec- 
tion is earned out to the next lymphatic block 

CONCLUSIONS 

Radiation theiapy has appaiently impioved but little the results in meta- 
static involvement of the ceivical lymph nodes Much of the surgeiy of this 
region is inadequately peifoinied to iid the tissue of cancer cells The plan of 
appioach to excision of nodes needs to be vaiied with the location of the 
lesions about the mouth The moitality fiom block dissections can be bi ought 
to a point where piophylactic neck dissections show a leal salvage value 
Five-yeai arrests in intia-oral cancel will show little improvement with pres- 
ent known methods of care until the defeatist attitude toward treatment of 
metastatic nodes is overcome 
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TUMORS OF THE CAROTID BODY 


CLINICAL. AND PATHOLOGIC CONSIDERATIONS OF TWENTY TUMORS 
AFFECTING NINETEEN PATIENTS (ONE BILATERAL) 
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AND 

Malcolm B Dockerty, M D , 

IloCHESTEn, Mivy 

SECTION ON SORGIC\L PATIIOIOGI, M^.\0 CLINIC 

The carotid body was fiist mentioned by von Hallei m 1743, and was 
fiist desciibed in detail by Luschka,^^ m 1862 It is a paned organ situated 
at 01 neai the bifui cation of each common caiotid aitery It is supposed to 
attain its full development when the individual reaches the age of about 20 
yeais, but eithei it does not develop in many individuals, or, if it does, it is 
so small that it cannot be found even at neciopsy It is normally about the 
size of a giam of rice and is pmkish-gra)'^ or puiple It is supplied with blood 
from the caiotid aitery and its neive supply is deiived fiom the glossopharyn- 
geal neive, the sympathetic ceivical ganglion and, sometimes, fiom the vagus 
neive 

Consideiable mteiest has centeied in tumois of the carotid body, since the 
oiiginal communication of Maichand,^® in 1891 The hteiatuie’^ ^ 
mostly contains leports of single cases 01 small groups of cases, and dm mg 
the last 40 yeais, much has been learned of the life history of these unusual 
neoplasms No surgeon, apparently, has had peisonal expeiience with more 
than a dozen cases of the condition, and foi this and othei leasons it was 
thought advisable to review data concerning a gioup of 20 such tumois foi 
which ig patients consulted the Mayo Clinic Twelve of the cases included 
in this leview have been lepoited previousl}'- (1931) by Rankin and Well- 
brock^'^ The senes reported on h)' Rankin and Wellbiock included one case 
m which the tumor was bilateial, thus, although they lepoited on 12 patients, 
actually, their series desciibed 13 tumors Their case of bilateial tumoi of 
the caiotid bod}^ is included m oui series, by extension, it is seen that we 
leport on 19 patients and 20 tumois 

Gcneial Comjdci ation — Eiiib} yologically, the caiotid body is a complex 
structure developed m connection with the third mesodermal arch Early 
investigatoi s believed the cat otid body to be vasculai m derivation Howevei , 
the obseivation of Stilling,^'’ and othei s, that the oigan contained chiomaffin- 
positne cells has lent considerable suppoit to the theoiy of origin of the 
caiotid body m the sympathetic neivous system At piesent the field is 
divided, but most obseivers concui 111 tbe belief of Kohn® ® that the caiotid 
body IS homologous to the medullary portion of the supiaienal gland 

820 



Volume 114 
> umber 5 


CAROTID BODY TUMORS 


AnaiomicaU\, vaiiations in size and position of the caiotid body have been 
noted Gomez'^ measined 26 caiotid bodies and found that the aveiage diam- 
eter was 3 5 Min foi bis senes \Mth exti ernes of 8 and o 5 Mm In anothei 
senes, Bevan and McCaitby^ obseived an inconstant lelationsbip of the body 
to the bifui cation of the common caiotid aitery, but in neaily all cases the 
body was encapsulated and adherent to the largei artenes in the neck In 
some cases the body A\as bilateial, in otbeis it was umlateial Atiopby and 
fibrosis were observed 111 the caiotid bodies of eldeily individuals 

Histologically, the chief cells observed resemble epithelial cells 111 being 
laige, polygonal, and pale-stammg The cytoplasm is large m amount and is 
finely granulai — these gianules being chiome-positive in fiesb tissue Nuclei 
ai e eccenti ic, bypei cbi omatic, and frequently ai e vacuolated A 1 ich capillary 
network is obseived and solid stiands of endothelial cells are encountered 
Ganglion cells, plasma cells and eosinophils have been desciibed All these 
cellulai elements aie giouped in the form of islands which are sepaiated by 
fibious septums spimgmg fiom the capsule 

Physiologically, theie is little oi no evidence in favor of inclusion of the 
caiotid body among the glands of internal secretion The facts that it is 
fiequently absent and that bilateral extirpation can be performed wuthout the 
subsequent occuirence of untow^ard symptoms suggest that its function, what- 
evei it may be, is negligible 

Tumors constitute the only pathologic lesion of the caiotid body, and 
moie than 200 cases of tumoi have been lecorded It is not our purpose to 
review the hteiature on this subject because w^e believe that the material 
to be presented is fairly 1 epresentative We do wash, however, to enumerate, 
briefl)^ certain recent obseivations that have peihaps justified the inclusion of 
the anatomic and embiyologic data pieviously detailed 

(1) In the piesence of tumoi s of the carotid body the architecture of the 
noimal body, in the matter of encapsulation and lobulation, is fairly well 
maintained 

(2) As m the normal body, polygonal cells and endothelial cells are 
piesent in varying numbeis m the body affected by tumor — polygonal cells 
nearly ahvays piedominate 

(3) As in the normal body, the polygonal cells in the body affected by 
tumor have finely gianulai cytoplasm which has an affinity foi chrome salts 
(foi this reason fiesh tissues ahvays should be fixed in Zenker’s fixing 
solution) 

(4) Since these polygonal cells are probably epithelial in origin (sympa- 
thogonial deiivatives), the tumors derived therefrom probably should be 
legaided as being chromafifinomata 

UATEmAh —Pathologic Aspects The pathologic material for this study 
consisted of 20 tumoi s of the caiotid body removed suigically from 19 
patients The tumors w'eie caiefully studied grossly, and the interesting speci- 
mens were photographed Careful measurement w^as made of each specimen, 
and notes w^ere made on the relationship of the tumor to the caiotid vessels 
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in instances in which lesection of the lattei was necessaiy Multiple blocks 
weie then obtained and placed in fiesh lo pci cent solution of formalin 
From these blocks, sections weie cut and stained routinely with hematoxylin 
and eosin In all, some 75 micioscopic sections weie made available foi 
study 

No attempt is to be made herein to leview the pathologic criteiia that 
have been established foi tumois of the caiotid body The observations of 
otheis were confiimed in the present series, and the impoitant features are 
outlined in the following paiagiaphs 

Giossly, the tumors appealed as 1 eddisli-bi own, lobulated, and faiily well- 
encapsulated nodules The aveiage size was 35 cm in diametei, with 
extremes of 2 and 10 cm In six cases, the mateiial contained segments of 
the caiotid vessels, and in foui of these cases the vessels tunneled thiough, 
and Aveie inseparable fiom tumoioiis tissue In foui other cases the neoiilasm 
did not appear to be well encapsulated, and theie was gross evidence of 
invasion of the surioundmg tissue Unfoitunately, only one specimen had 
been pieseived m Zenkei’s solution This specimen was stained a light 
orange by the chromium salts Nineteen tumors weie unilateial, one was 
bilateral 

Micioscopic f 1 ozen-sections stained with hematoxylin and eosm piesented, 
with the low -power objective, two lathei chaiacteiistic bistologic patterns, 
alone 01 mixed One we shall designate, foi the sake of simplicity, as the 
“alveolai ” 01 “insulai ” pattei n , the other, as the “pei itheliomatous” pattern 
Eight of the 20 tumois had an alveolai pattern, the lemainmg 12 tumois 
had a pei itheliomatous pattern 

In the alveolai, or insular, pattern, large islands of pale polyhedial cells 
appealed to be sepaiated by naiiow bands of connective tissue without much 
hyalinization The epithehal-hke islands of tumor cells occupied moie than 
95 pei cent of the region enclosed by each field, as viewed wuth the low-powei 
objective (Fig 10) Heie and there the fibious tissue \vas sepaiated to per- 
mit the passage of laige, thin-wialled vascular sinuses w'liich fiequently w'ere 
encioached upon by budding masses of tumoi cells (Fig la) A thin mantle 
of endothelial cells seemed ahvays, how'evei, to sepaiate the tumoi ous buds 
fiom the actual lumens of the blood vessels Old blood pigment was genei- 
ously distiibuted throughout the stioma in foui of the eight tumors in which 
this alveolai pattern w^as piedominantly obseived (Fig lo) 

In the pel itheliomatous pattern the cellular units, although they w^ere some- 
wdiat alveolar, w'ere much smaller and more iiiegulai than they w^ere 111 the 
insular pattern The usual pictui e w^as that of small clumps of cells ai 1 anged 
in nests, or nregulai stiands which iveie sepaiated fiom each othei by veiy 
vasculai connective tissue (Figs ib and 2a) In some portions these clumps 
of cells w'eie seen to sui round vascular sinuses The blood vessels were 
everywhere abundant, but vaiied in size, being on an average smaller than 
those obseived in the alveolar pattern H3Minization of connective tissue 
w'as a prominent feature in the peritheliomatous patterns — the tumor being 
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sometimes replaced b}'' such hyalmization to a degiee seen usually only m 
connection with mixed tumors of the salivai}^ glands (Fig 2b) This hyaline, 
fibious tissue showed a tendency (as observed by otheis) toivaid a distribu- 
tion in the foim of wide “bands” or “buds” (Fig 3a) Hemoiihage, old and 
lecent, was obseived m eight of the 12 tumois of the pei itheliomatous pattern 
Cytologically, legaidless of the type, the tumors were seen to be composed 
mainly of polyhedial cells which had the following chaiacteii sties (i) A 



Fig 10 — Alveolar pattern in tumors of the carotid bod>, with large islands of tumor cells 
and occasional intiavascular buds, a large amount of dark staining blood pigment can be seen (frozen 
section, hematoxylin and eosin, Xso) (h) Peritheliomatous pattern in tumors of the carotid bodj 
in which small aheolar units of tumor cells separated bj small capillary spaces can be seen (frozen 
section, hematoxjlin and eosin, X50) 

large amount of eosinophilic cytoplasm containing numeious vacuoles and 
granules so small as to be seen only with high magnification, and (2) one 
01 more hyperchromatic nuclei 

In uninucleated forms the nucleus was geneially oval in shape, eccentric 
in position, and had a very sharply defined nucleai membrane (Fig 36) 
Occasional “gioovmg” was obseived, hut did not appear to be chaiacteiistic 
The chromatin appeared to be condensed in small clumps connected by deli- 
cate stiands seen only on careful focusing Moie than one nucleolus was 
the rule In multinucleated foims, the nuclei were usually congregated eccen- 
trically in a laige c3toplasmic mass Uninucleated and multinucleated giant 
cells weie fiequently observed, especially in the malignant tumors of the series 
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(Fig 4(7 and b) In cases m which an excess of hyaline substance was 
present, the tumor cells seemed to he paitially involved in the process, the 
cytoplasm of such cells occasionally being fused with the sui rounding hyaline 
material (Fig 2h), with the foimation of intracytoplasinic hyaline “inclusion 
bodies ” Aside fiom this type of degenei ation, a second type fiequently was 
seen in some poition of nearly eveiy tumoi studied The nuclei m this latter 
type fiist became pyknotic and the nucleoli disappeared At a little later 
stage all nuclear detail was lost and the nucleai membrane became very 










Fig 20 — Pentheliomatous pattern in tumors of the carotid bodj in which the intimate relation 
ship of tumor cells to the \ascular spaces is more evident than in Figuie ib (frozen section, hema 
towlm and eosin X50) ib) Extensive h> aline degeneration in a tumor of the carotid bod> in which 
the “epithelial” elements appear to fuse with the mas^^es of collagenous and lij aline fibrous tissues 
(frozen section , hematoxvlm and eosin, X50) 

shrunken and “ciinkled” (Fig $a) At the same tune the cytoplasm appeal ed 
to be swollen and somewhat basophilic, whereas the vacuoles w^eie inci eased 
in size 

Veiy definite malignancy, as shown by active mitosis, cellular variation 
wuth giant cells (Fig 477), invasion of capsule, and the like, was present m 
ten of the 20 tumoi s in this series How'^evei, as comiiaied to cells of the 
normal carotid body, all these tumors weie composed of lelatively undiffei- 
entiated cells (Pei haps it would be w^ell, on this basis, to legaid these neo- 
plasms as being low^-giade malignant lesions possessing potential powers of, 
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if not actual tendencies towaid, invasion and metastasis ) Two patients died 
of questionable ceiebial metastasis One of these patients, and an additional 
one, had definite local lecuiience of the growth In neither of the two cases 
111 which the patients died, howevei, was permission to perfoim neciopsy 
obtained, and foi this leason the piohlem of metastasis lemains unsolved 
Elements of endothelial and fibious tissue made up the lest of the micio- 
scopic pictuie, with the exception of occasional nests of chronic mflammatoiy 
cells which iieie noted m seveial of the cases As pieviously stated, the endo- 
thelial cells vaiied consideiahly in numbei and in distiibution A most mti- 



Fig 30 — Hyalmiration m a tumor of the carotid body , the characteristic “bands” and “buds” ire 
clearly shown (frozen section , heniatoNylm and eosin, X50) (fc) Malignant tumor of the carotid 
body in which the oval eccentric nuclei, sharp nuclear outlines and the dense character and “speckled” 
distribution of the chromatin can be seen (frozen section, hematowlin and eosin, X900) 


mate appioximation with tuinoi cells was obseived in instances m which the 
neoplasm contained veiy vasculai stioma On the other hand, when fibrosis 
and hyahnization were extensive, endothelial elements were not so abundant 
The degiee of hyahnization boie no relationship to the duration of symptoms 
01 age of the patient 

Unfoitunately, 19 of the 20 tumois had lieen pieseived m a solution of 
formaldehyde, a cimcumstance ’which precluded study of the chiomaffinity of 
the granulai cells Vaiious attempts at “lejuvenation” by means of subsequent 
fixation in Zenkei’s solution weie made, but gave inconstant results How- 
evei, m the single case in which a tumoi had been preseived in dichromate 

825 



HARRINGTON, CLAGETT AND DOCKERTY 


Anmls of Surperv 
NovcmlJer 1941 


solution, the size and distiibution of the chi ome-positive granules appeared 
to be exactly similai to those of the gianules in the polygonal cells seen in all 
the lemaming 19 tumors (Fig 5b) It would appeal, therefoie, that the 
granules weie identical in all of the 20 tumors of the caiotid body 

Incidence Accoi dmg to Age — Accoiding to reports in the liteiatuie, tumois 
of the cai otid body occui among membei s of both sexes with about equal fi e- 
quency In our series, however, 12 women and only seven men had this type 
of tumor Apparently, no peison m any age-peiiod is exempt The youngest 



Fig 4 fl — Tumor of the c'lrotid bodj in uhich multinucleated gnnt cells uith p\lvnotic nuclei 
cm be seen, in other unmucleTted tumor cells in other parts of the microscopic field a similar tjpe 
of degeneration is Msible (frozen section , hematox>lin and eosin, X looo) (h) ^lahgnant tumor 
of the carotid bodj in \\hich hjperchromatic eccentric nuclei multiple nucleoli, sharp nuclear mem 
brane and granular \acuolated cytoplasm can be seen as uell as several unmucleated and one mul 
tinucleated giant cell forms (fiozen section hematowlin and eosin Xsoo) 


patient m the cases lepoited in the liteiature was seven yeais old, and the oldest 
was 73 yeais of age The gieat majority of such tumois occur among adult pei- 
sons, however, and according to Sevan and McCaith)’^,^ in 70 pei cent of the 
cases the patients aie fiom 40 to 60 )'eais old In oui series, the ages of the 
patients weie as follows Two patients weie 20 to 29 yeais old, six patients 
weie 30 to 39 yeais old, foui patients weie 40 to 49 yeais old, five patients 
w ei e 50 to 59 s old and twm patients w^ei e 60 to 69 yeai s old The avei age 

age of the 19 patients w^as 45 i years 

The tumoi s ai e usually unilatei al but bilatei al tumoi s have been repoi ted by 
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Lund/” de Tainowski,-” and Chase/ and in one of oui senes of cases the 
lumoi was bilaleial The tumois occui with equal fiequency on each side 
of the neck In oui senes, which includes 19 patients, nine tumois occuned 
on the left, nine tumois occuned on the nght, and one was bilateial In- 
clusion of the bilateial tunioi thus bungs the total numbei of tumois to 20, 
as afflicting 19 patients 

Syinpfoins — Tumois of the caiotid body usually manifest themselves as 
painless, unilateral, slow-giouing tumois situated in the supenoi, antenoi 



Fig 5a — Tumor of the curotid bod> m uluch “pjkuotic” degeneration of the nuclei is shown 
(frozen section , hematoxjlin and eosin, X500) (fr) Section of tumor of the carotid bodj as freshly 
impregnated with chromate solution, the finely granular character of the catoplasm is apparent (frozen 
section, hematoxylin and eosin, Xiooo) 

cervical tiiangle, pushing out fiom undei the border of the sternocleidomas- 
toid muscle They are ovoid or lound, firm but elastic tumois and, because 
of their vascularity, can be compiessed and temporarily reduced in size They 
are deep-seated tumois and are never attached to the skin These tumors 
usually have some lateral mobility, but since they aie attached to the carotid 
vessels, they have little oi no vertical mobility, and this latter characteristic 
has been noted by many obseiveis as an impoitant diagnostic point Occa- 
sionally a bruit or tin ill can be elicited, but this is not a constant obsenation 
Often, a transmitted pulsation from the caiotid arteries is evident, but it is 
important not to confuse this pulsation wih expansile pulsation of an 
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aneinysm Compiession of the caioticl aitei}'^ below the situation of the tumoi 
will abolish the pulsation, bunt oi tin ill and often will cause some diminution 
m the size of the tumoi 

Tumoi s of the taiotid body often aic without symptoms othei than grad- 
ual incicase in size They have usuall}’^ been piesent foi some time befoie 
the patient consults a physician In oui senes, the tumoi had been piesent 
befoie opeiation foi periods of fiom one to 15 yeais, the aveiage duration 
was about 5 7 yeais Peteison and Meekei’^^ have leported that in their series 



Fig 6 — Artists’ conception of exposure for renio\nl of a tumor of the CTrotid 1)od^ ind of ligTtion of 

\essels 


the tumoi had been piesent foi about six yeais befoie opeiation When 
tumors of the caiotid body produce symptoms, such symptoms usually are 
caused by invasion 01 compiession of impoitant legional stiuctuies such as 
the vagus nerve sympathetic or lecurrent laiyngeal nerves, or the pharynx 
01 esophagus Episodes of fainting, Adams-Stokes synch ome, hoaiseness, 
dyspnea, d)'sphagia, cough, tinnitus aurium and headache have lieen reported 
as being symptoms lefeiable to tumors of the caiotid body and have been 
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attiibuted to compiession or irritation of the vagus neive Horner’s syn- 
drome, exophthalmos and mydiiasis have been lepoited, and have been 
attributed to disturbances m the ceivical sympathetic nerves Local, ceivical 
01 occipital pains have been held to be referable to involvement of the 
ceivical plexus In oui senes of 19 patients, only foui complained of symp- 
toms other than the inci easing size of the tumor One patient complained 
of a burning sensation m the tin oat, one of dizziness and episodes of faint- 
ing, one of paioxysmal pain m the neck and one of dysphagia and a sensa- 
tion such as might be caused by an object lodged 111 the throat 

Diagnosis — In almost eveiy lepoit concerning tumors of the caiotid 
body, it has been observed that the coiiect diagnosis larely has been made 
preopeiatively Absence of such a pieopeiative diagnosis piobably resulted 
from the fact that the tumoi is so raie that the possibility of its piesence is 
not even considered by the examining suigeon The hist conect pieoperative 
diagnosis recorded in the hteiatuie was made by Klopfenstein,’'' in 1895 
Phelps, Case, and SnydeH^ found that, in the senes of 159 cases the}^ re- 
viewed, a collect preopeiative diagnosis of tumor of the caiotid body had 
been made in 12 cases and had been consideied m 14 otheis In oui senes of 
19 patients, the conect diagnosis ivas made pieopeiatively in three and 
existence of a lesion of the caiotid body was consideied as a possibility m 
two othei instances Accoidmg to lepoits m the hteiatuie, the most common 
erroneous diagnosis has been tuberculous adenitis In oui series a diagnosis 
of bianchial cyst w^as made in six cases In two of our cases the preopeiative 
diagnosis w^as aneurysm Such a wude variety of lesions may occur in the 
region of the neck affected by the tumors 111 question that making of diffei en- 
tial diagnosis is extremely difficult, and it is often impossible to make it until 
histopathologic examination of the tissue has been earned out Diagnosis of 
a tumor situated in this region must include a considei ation of all the vai lotis 
types of cervical lymphadenopathy, caiotid aneurysm, metastatic carcinoma, 
aberiant thyroid gland, branchial cyst, bianchiogenic caicinoma, neuiofibroma, 
ganglioneuroma and tumoi of the caiotid body Aspii ation, or the obtaining 
of specimens of tumoi s m this legion by the punch-technic has been suggested 
as a means of seeming material foi micioscopic study, wdiich wmuld aid in 
the differential diagnosis of cervical tumoi s We feel that the vascularity of 
many of these lesions and their pi oximity to the gi eat vessels of the neck make 
such methods dangerous, and w^e do not lecommend them Gi anted that tumoi s 
of the carotid body are lare and that differential diagnosis is difficult, we 
believe that the possibility of tumoi of the caiotid body must be considered 
m the presence of any painless, slow-giownng tumor situated m the superioi, 
anteiioi ceivical triangle, paiticularly if the chaiacteiistic signs, as previously 
mentioned, of lateial wnthout veitical mobility, and decrease in size of the 
tumor wuth compiession of the caiotid vessels, can be demonstrated Clinical 
suspicion of tumoi of the caiotid body necessitates caieful evaluation of the 
surgical problem presented and permits piopei preliminary treatment, so that 
the dangei of the patient’s death fiom cerebial anemia can be aveited, or so 
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that paialyses oi hemiplegia, should saciifice of the carotid vessels be necessary 
to extirpation of the tuinoi, can be avoided 

T)eatment — It is now generally agreed that the ideal treatment of patients 
who have tumor of the caiotid bod}^ is complete surgical lemoval of the lesion 
Avhen this can be accomplished without sacrifice of the carotid vessels Absolute 
agieement does not exist concerning those cases m which ligation of the carotid 
vessels is necessaiy foi completion of the opeiation Some surgeons, notably 
Sevan and McCaithy,^ have voiced the opinion that in those cases m which 
surgical exploration has shown the tumor to be inoperable without saciifice of 
the caiotid vessels, the incision should be closed, as would be the case after an 
exploratoi y opei ation, and the patient should be ti eated with radium and i oent- 
geno therapy We find little m the liteiature to indicate that roentgenotherapy 
and 1 adium have been used in the treatment of tumors of the carotid body with 
much success, and Phelps, Case, and Snyder^® have reported seven cases in 
which patients weie treated by roentgenothei apy and i adium ivithout appre- 
ciable benefit We have used both these agents m conjunction ivith surgical 
intervention very satisfactoi ily, but we believe that if the treatment is limited to 
exploi ation ivith subsequent application of i adium and roentgenotherapy, cure 
Avill not result m the gieat majoiity of cases Fuithermoie, it has been our 
experience that if the suigeon explores the lesion sufficiently to determine 
definitely whethei oi not the tumoi is attached to the carotid vessels, it, 
usually, Avill be necessaiy to complete the lemoval of the tumor, even if it 
requiies saciifice of the carotid vessels to contiol the bleeding aiising from 
these veiy vascular tumoi s Finall}', we believe that complete removal of the 
tumor is indicated, even if sacrifice must be made of the carotid vessels, 
because all such lesions in oui expeiience have been eithei malignant oi 
potentially malignant They larely lecur or metastasize aftei complete re- 
moval, and the results obtained among those patients who have suivived 
the operation are veiy satisfactoiy In our series, theie w^eie only twm cases 
m Avhich local lecuiience of tumors occuried, and one of the patients so 
affected lived foi eight yeais, and the othei foi ten years, postoperative!)’- 
Peterson and Meekeff'^ lepoited five cases of local recurience in the i8 
cases they review’ed In tw’o of oui cases distant metastasis was suspected, 
but we have been unable to find any proA'ed instance of distant metastasis 
fiom tumoi s of the caiotid body 

Although AAe advocate complete suigical removal as the proper treatment 
of tumoi s of the caiotid body, this piocedure is not one to be considered 
lightly 01 to be attempted by one whose piactice is only partly surgical The 
pioximity of these tumoi s to the carotid vessels, the jugulai vein, vagus, 
recurient lanngeal, cervical sympathetic, hypoglossal and glossophai yngeaJ 
neives must be appieciated, and the effect of injury to these structures must 
be evaluated The opeiatn’e moitality m cases of tumoi of the carotid body, 
accoidmg to Phelps, Case, and Snydei, in the 159 cases they leview’ed, w'as 
24 pei cent They found, as haA’e all other mvestigatoi s m this particular 
field, that practically all the opeiative deaths occuired in cases in wdiich 
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ligation of the caiotid vessels had been necessaiy In our series of 20 tumors 
involving 19 patients, theie weie fom deaths, a moitality late of 20 pei cent, 
based on the numbei of tumois, 01 21 pei cent, based on tbe nuinbei of 
patients The cause of each death was hemiplegia following ligation of the 
caiotid vessels It is mteiestmg to note, in this connection, that, m oui senes, 
saciifice of the caiotid vessels was necessary in nine instances The average 
age of the patients who died following ligation was 53 years, whereas the 
aveiage age of those who suivived ligation was 31 years Two patients in 
the youngei gioup weie afflicted by tiansient hemiplegia which gradually 
disappeaied It has been oui expeiience that m appi oximatel}^ one-half of 
the cases of tumois of the carotid bod)^, ligation of the carotid vessels is 
necessaiy foi complete lemoval of the tumor (Fig 6) Because of the iislc 
which this pioceduie entails, paiticulaily for oldei individuals, we believe 
that in any case in which tumoi of the caiotid body is suspected, the patient 
should receive pioper pieopeiative piepaiation consisting of systematic com- 
pression of the common carotid arteiy against the tiansveise piocess of the 
sixth cervical veitebia several times daily for a few weeks so that an attempt 
may be made to develop impioved collateial cnculation in the biain on the 
affected side Compiession should be earned out foi giadually increasing 
peiiods until the patient can toleiate complete compiession of the vessel for 
long periods without expeiiencing faintness 01 loss of consciousness We 
believe that application of this pioceduie will lesult in a definite decrease 
in the iisk of suigical mteivention in these cases, paiticulaily among older 
individuals 

Other stiuctuies that may be injuied 111 the couise of surgical removal 
of tumors of the caiotid body aie The internal jugulai vein, the vagus 
neive, the lecuirent laryngeal neive, the ceivical sympathetic chain of neives, 
the hypoglossal nerve and the facial neives As pieviously noted in our 
senes, ligation of the common caiotid aiteiy was necessaiy in nine cases, 
and in two additional cases the external carotid aiteiy alone was ligated 
In SIX cases the internal jugular vein was ligated The hypoglossal nerve, 
the vagus nerve and the recur lent laiyngeal neive weie injured m one case 
each in oui senes Phelps, Case, and Snydei reported that in the senes of 
159 cases they leviewed, opeiative injurj' to structuies othei than the caiotid 
vessels occurred in 24 pei cent of cases 

In our series of 20 tumois of the carotid body, theie weie ten tumors 
which weie classified as lieing definitely malignant, and ten that were 
classified as being potentially malignant We have found no way to detei- 
mine the nature of these tumois before micioscopic examination was made 
The duiation of the tumoi before operation was essentially the same in both 
groups The necessity for ligation of the carotid vessels was practically the 
same in both groups The numbei of immediate postoperative deaths was 
equal in both groups We have tiaced the eight patients who had definitely 
malignant tumors, vho suivived operation, and have found that two died 
of recuirence eight and ten years after opeiation The rest weie alive and 
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well at the time of this repoit One patient has survived 15 years and 
anothci ii yeais In the othei gioup we have been able to trace only five 
patients, they aie alive, and have been well foi fiom one to 14 yeais aftei 
opeiation One patient in 0111 seiics leceived pieoperative loentgenotheiapy, 
elsewheie, without benefit Foui of 0111 patients leceived roentgenotherapy 
postopeiatively, thiee leceived ladiuni postopei atively and one leceived both 
roentgenotheiapy and radium theiap}'^ We cannot piove, on the basis of 
observations m oui senes, that roentgenotheiapy 01 radium therapy has been 
of definite value in the tieatment of the disease in question, but we believe 
that eithei type of therapy is justified if it is used in conjunction with sur- 
gical inteivention 


CONCLUSIONS 

Tumois of the caiotid body aie lelatively lare, but the possibility of the 
presence of one of them should be considered in any case m which a tumor 
occurs in the supeiioi, anteiior cervical tnangle of the neck, particularly 
if lateial mobility without veitical mobility of the tiimoi is present, if there 
IS tiaiismitted pulsation of the tumoi, and if the tumor deci eases in size 
on compiession of the caiotid vessels 

Tumors of the caiotid body occui i\ith equal frequency among members 
of both sexes The majoiity occui among peisons who aie from 40 to 60 
yeais of age They aie usually slow -gi owing, painless tumors, and have 
been piesent foi fiom six to seven years befoie the patient consults a sur- 
geon 

Tumois of the caiotid body aie ahvays malignant 01 potentially malig- 
nant tumois They larely lecui 01 metastasize after complete surgical 
removal 

The tieatment of tumois of the caiotid body should be complete surgical 
removal The opeiation is delicate and dangerous because of the proximity 
of the tumoi to vital stiuctuies in the neck Ligation of the caiotid vessels 
IS necessary foi complete lemoval of the tumoi m about 50 pei cent of cases 

Ligation of the common caiotid vessels constitutes the gieatest dangei of 
the opeiation We believe that m eveiy case 111 which a tumor of the caiotid 
body IS suspected, the patient should have piopei preliminary treatment 
consisting of systematic compiession of the carotid aitei)’^ several times 
daily on the affected side foDgiadually inci easing peiiods This should be 
continued until the patient can tolerate complete compiession for long 
peiiods Avithout experiencing episodes of fainting 01 loss of consciousness 
This procedure wall help improve coliateial cii dilation and wall materially 
lessen the moitality and morbidity rate accompanying those operations in 
wdiich ligation of the carotid vessels is necessaiy 
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THE SUCCESSFUL REMOVAL OP A SADDLE EMBOLUS OF THE 
AORTA, ELEVEN DAYS AFTER ACUTE CORONARY OCCLUSION^ 

I S Ravdin, M D , AND Fkancis C Wood, M D 

Philadelphia, Pa 

FROM THE SURGICVL CLIVIC ATiD THE EDWARD B RODINETTF FODNDATIOV, MEDIC IE CLINIC, HOSPITAL OF THE 

CMVFRSm OP PENNSILVAMA 

There is now a moderate!}' extensive liteiature on the clinical nse of 
heparin^ However, instances wheie the use of hepaiin has made possible 
the successful removal of laige emboli are not numerous,- hence, we are 
reporting such an occurrence 

A physician, age 32, (Hosp No S-41624), lan up the 20 steps at the en- 
trance of the Hospital of the University of Pennsylvania at 8 30 on the 
morning of March 28, 1939 He then felt some tightness in his upper sternal 
region and in both upper aims Shortly Iheieafter, while attending loutine 
hospital duties he became weak and noticed moie discomfort in his chest 
Then he experienced severe pain undei the sternum and in his arms, broke 
out m a cold sweat, and felt as though he could not take a full breath He 
was put to bed and given 1/3 gi of moiphine sulphate 

When seen at 9 a m he had severe oppression in the lower sternal le- 
gion and his aims felt heavy He was pale and sweating The pulse was 
60, the blood pressure 130/90 Physical examination was otherwise normal 
Nothing unusual was heard in the heart 01 lungs The abdomen was soft 
and the extremities were normal 

At hist, the diagnosis was uncertain, but the following features made it 
quite deal that the patient had sufteied a cardiac infarction in the anterior 
surface of the left ventricle (i) The electiocaidiogiams (Fig 1) showed 
findings which are quite charactei istic of such a lesion, (2) the temperature 
rose to a high point of 103° F on the second day, and remained above normal 
for six days, (3) a definite pericardial friction lub was heard on March 29, 
1939, and disappeared the next day, (4) a gallop rhythm was heard on 
March 31, 1939, (5) the leukocyte count on the afternoon of March 28, 1939, 
was 16,000 per cu Mm , with 87 per cent of polymoiphonudeai cells 

An interesting featuie of the first week was the trepopnea^ which he 
experienced He breathed most freely and comfortably lying flat on his face 
with Ills head turned toward the left All other positions gave him a feeling 
that he could not take a satisfying deep breath 

The following features weie at first difficult to reconcile with the diagnosis 
of cardiac infarction, but in the light of the whole situation must be consid- 
ered as interesting variants of the typical picture, rather than as conflicting 
testimony (i) He w'as only age 32, (2) the pulse rate was 55 to 70 per 

* Presented by title before the American Surgical Association, White Sulphur Springs, 
W Va, April 28-30, 1941 
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minute dm mg the first da}'-, and never rose dispi oportionately to his tem- 
perature, (3) the blood piessuie, which was 105/80 befoie the attack, rose 
to 130/90, remained at that level foi the first three days, graduall}^ dropped 
to 110/70 on the fifth day, and leinaiiied theie, (4) on April i, 1939 (the 
fifth day), a patch of consolidation (oi atelectasis) appeared at the right 
base, and he coughed up some rusty sputum containing a feu^ pneumococci 
The teinpeiatme chart was not obviously affected by the pulmonary lesion 
Thiee days latei the teinpeiatuie 1 cached noimal 

At 6 45 AM, on Apiil 7, 1939, the eleventh day following the cardiac 
infarction, the patient awoke uith a feeling of foimication in the sciotum 
During the next thiee niniutes the paiesthesia extended down the inside of 
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Fig I — Electrocardiograms of patient described in te\t (A) Tracing taken 3 30 39, two days 
after the onset The RST interval elevations in leads I II and CF4 are characteristic of recent infarc 
tion in the anterior wall of the left ventricle Lead CF4 also shows a Q wave (B) Tracing taken 
42739, thirty davs after the onset The RST interval deviations have disappeared T wave inver 
Sion IS present in leads I and CF4 The contour of the tracing and the changes which have taken place 
since 3 30 39 are confirmatorv evidence of former infarction in the anterior wall of the left ventricle 
(C) Tracing taken on 9 16 41 showing further changes towards normal The T wave inversion in 
lead I has disappeared The Q wave in Cr4 persists 

the thighs Then it was leplaced b} agonizing pam m both legs At this point 
the patient noticed coldness and mottling of both legs and himself made the 
coirect clinical diagnosis He lecalled to his nurse a patient with cardiac 
mfaiction and an embolus to the bifui cation of the aoita whom they had 
attended together the year before, who subsequently bad lost both legs and 
had died Aftei the patient had received a gram of morphine sulphate, the 
pam became beaiable When seen at 7 25 a m , the penis and scrotum were 
anesthetic, the legs w^eie cold, mottled, and anesthetic, and no pulses could 
be felt in or distal to the femoral aiteiies Theie w^as no doubt that an 
intiaventncular clot had been discharged and had blocked the aorta at its 
bifuication (Fig 2) Embolectomy was decided upon and he was taken to 
the opeiatmg room at 9 30 

The opeiation was peifoimed by one of us (I S R ) under local anesthesia 
A cannula was mseited into the left antecubital vein for intravenous fluid 
admmistiation Di J H Gibbon, Jr , measuied the blood which w^as lost 
dm mg the operation and controlled the rate of flow' and amount of blood 
w'liicli the patient receir ed The distal end of the external iliac ai tery and 
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the pioxunal poition of the femoial aiteiy of each side were exposed through 
a six-inch incision In oidei to expedite matteis, assistants were arranged 
for each side — Dis J E Rhoads and W D Fiaziei foi the light side, and 
Dis N E Fieeman and K A Zimmeiman foi the left This greatly facili- 
tated the opeiative pioceduies 

Two fine pieces of lubbei tubing weie placed beneath the vessels on each 
side pioximal to the oiigin of the profunda femoiis to pi event the clot, vhen 
dislodged, from passing distally, and to piovide a method foi hemostasis 



When the arteiy on the light was incised m the longitudinal direction, a 
little bleeding occuired fiom the distal poition of the vessel A modified 
Babcock vem-stiippei (Fig 3) was then inserted pioximally until the soft 
substance of the thiombus was encounteied The stripper was then moved 
upwaid and downwaid in older to tiagment the clot When the stiipper was 
withdiavn, fiee bleeding was obtained A specially piepaied catheter, the 
tip of which had been removed and the end caiefully smoothed, was inseited 
to\\aid the heait Aftei it had been intioduced foi approximately 30 cm 
suction was applied and the catheter caiefull}'' withdiavn It cairied with it 
seveial masses of clot Fiee bleeding was pi evented by ti action on the 
pioximal rubbei sling 

A similar proceduie was earned out on the left side Theie was piac- 
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tically no bleeding on this side when the aiteiy was hist incised A catheter 
M as inti odiiced and a small amount of clot sucked out A f i ee flow of blood, 
howevei, was not established until a vein-sti ippei had been intioduced and 
pushed well up seveial times A consideiable amount of clotted blood Mas 
diawn doMii and a free floiv established aftei the aiteiy had been sucked out 
once moie A final attempt to diaw clotted material out of the arteiy was 
made rvith flexible giaspmg foiceps but no othei clot could be found The 
right aiteiy rvas again sucked out 



Fig 3 — jModifications of the Babcock aeiii stnppei foi use in fragmenting an embolus 

Aftei a good flow of blood was obtained on both sides, the trvo arteries 
were closed uith aiterial silk, a double layei of continuous suture being used 
Just as the suture line in the right femoral artery rvas nearing completion, 
5000 units of heparin (Connaught Laboratories) rvere introduced intraven- 
ously Blood loss M as compensated quantitatively by transfusion, the amount 
of blood lost being estimated by collection in a tiap on the aspiiatoi and a 
hbeial alloMance being made for blood removed on sponges 
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Aftei the last arterial sutuie was placed, an additional 5,000 units of 
hepaiin weie given The wounds weie then closed in la}'eis, the skin edges 
being appi oxiinated with inteiiupted black silk sutuies Despite his lecent 
cai diac infai ction, the patient stood the opei ation \\ ell 

Shortly following the opei ation, Di Norman E Fieeman did a left para- 
vertebral injection with i pei cent novocain 

Heparin was given foi 1 1 days following the operation Tin ee types were 
used Swiss, Swedish, and that made b}' the Connaught Laboratoiies in To- 
ronto It was given mtiavenously by the slow diip method by adding it to 
solutions of noimal saline and 5 per cent glucose, 01 to 5 pei cent glucose 
alone The coagulation time as detei mined by the Lee-White method*’ varied 
during the peiiod of theiap}^ fiom 14 minutes to one houi and 13 minutes 
Although no peiipheial pulses weie palpable m eithei lowei extiemity 
immediately after opei ation, the color and tempeiatuie of the light leg and 
its motion and sensation letuined to noimal almost at once On the left 
side, some coldness and mottling lemamed, especially on the doisum of the 
foot Moreovei, this extremity lemained veiy painful below the knee, and 
showed loss of touch sensation m this aiea foi seveial days Evidently a 
small embolus had escaped below the site ot exposuic of the aitei}' Suction 
and piessuie theiapy employed at mteivals on this exticmity under the dnec- 
tion of Di Hugh Montgomeiy Howevei, foi some weeks, an aiea of pain- 
ful erythema lemamed on the doisum of the left foot 

By May 15 the patient was out of bed and was taking a few steps He 
was dischaiged fiom the hospital on May 24, walking with a cane Sensation 
was now piactically noimal in both legs He still expeiienced some pain in 
the doisum of the left foot, the lesult of a peisistmg ischemic neuiitis 

He leturned to ^^Olk the lattei pait of Septembei, 1939 In January, 1940, he 
was opeiated upon foi acute diftuse suppuiative appendicitis The operation 
w^as peifoimed under spinal anesthesia, and his convalescence w'as uneventful 
At piesent, Septembei 15, 1941, the patient has peifectly noimal lower 
extiemities The musculatuie is noimal He w'alks without obvious disability 
and IS w'oiking full tune He is playing golf, climbing staiis, and practicing 
surgeiy wnthout substeinal diseomfoit Plij-^sical examination is entiiely nor- 
mal The blood piessuie is 120/80 The oithodiagiam show^s no caidiac 
enlargement The electi ocai diogi am is showm m Figuie i C 

This patient is an example of a lather lemaikable recoveiy fiom a situ- 
ation wdiich at the time looked almost hopeless He faced an appalling situa- 
tion, W'as aw'aie of its exact nature at all times, yet maintained the most 
superb moiale thioughout This may have been a factoi m his lecoveiy 

Discussion — It is now 24 yeais since McLeaiF m Howell’s laboratoiy 
first isolated an actn e anticoagulant from livei How'ell, wdio played a minoi 
role in the original work, latei named this substance “hepaiin” In 1933, 
Charles and Scott® show ed that this substance was present m varying 
amounts in a great many tissues, the ox lung, liver, and skeletal muscle, in 
order of the yield obtained from them As a result of then w^ork, a pure 
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piepaiation of hepaiin foi intiavenous use in patients became available Hep- 
aiin foi human use has been made during the past few yeais m Canada, 
Sweden, and Switzerland An active piepaiation is now being prepaied in 
this countiy 

Heparin may be given subcutaneously oi inti avenously It is inactivated 
by the addition of minute amounts of piotamme, a point of veiy gieat im- 
poitance when one wishes to bung the coagulation time back to noimal 
1 apidly 

Because of the extent and intensity of the ischemia m the lowei half of 
the body of the patient we have just lepoited, it is oui belief that adequate 
cii dilation would not have been leestablisbed without embolectomy How- 
evei, thiee subsequent experiences with majoi arteiial obstiuction of the 
lower extiemities have shown us that embolectomy is not always necessaiy 
The use of thiee conseivative measuies (i) Hepaim to pi event distal 
piopagation of a thiombus, (2) pai avertebi al sympathetic block to relieve 
vascular spasm distal to the aiteiial obstiuction, and (3) suction and piessure 
theiapy to promote circulation m the aflfected extiemity, will bung about a 
satisfactoiy lesult m a ceitam piopoition of these patients 

The decision as to whether to peisist with conseivative theiapy, 01 to 
lesoit to opeiation, depends upon whethei or not theie is evidence of con- 
tinuing impiovement m the circulation If this fails to occui, operation should 
be earned out, foi aftei a peiiod of three to five hours, changes m the intima 
at the site of the occlusion may lesult in fuithei thrombosis, despite the use 
of hepaim following closuie of the vessel 

The success which was achieved in this patient was possible only because of the 
excellent aid given by many individuals, only a few of whom are mentioned in this report 
We are indebted to Drs Doane, Behrend, Sappington and Whipple, who furnished the 
initial supplies of heparin 
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REFLECTIONS ON GASTRODUODENAL SURGERY* 

Jaimes R Judd, M D 
Honolulu, T H 

Sixty years ago the fiist stomach operation was performed During the 
past half centuiy an immense amount of uoik has been clone and a voluminous 
hteiatuie has accumulated on this important subject It seems fitting that, 
at this Congiess, the sixtieth anniveisai}^ of the first stomach opeiation should 
be commemorated in a modest way, by piesenting a bird’s-eje view of Avhat 
has happened to the human stomach since 1879 

Some of us heie to-day weie youngsteis on Apiil 5, 1879, when the 
couiageous Fiench suigeon, Jules Pean, perfoimed the fiist gastiic lesection 
foi cancel of the pylouis His patient lived foui days and died of exhaustion 
It was not until thiee yeais latei that Bilhoth, in 1881. peifoimed the same 
opeiation and acquiied the distinction of doing the fiist “successful” opeiation 
of the kind — which has been known evei since as the Bilhoth No I But, 
his patient died in less than foui months of caicinomatous peiitonitis It would 
seem in all fairness, as the immediate success of Bilhoth’s opeiation w'as 
teiminated by the death of the patient in a compai ativelv shoit time, that 
Pean ought to have some lecognition and that the opeiation might piopeily 
be designated as the Pean-Bilhoth pioceduie In the same jeai, 1881, young 
Antone Wolflei, 31 yeais old, tin died at the idea of emulating his chief the 
giant Bilhoth, attempted the same opeiation He found the tumoi fixed and 
the hvei involved and was legietfully beginning to close the abdomen wdien 
Nicolodani, one of the assistants whispeied something m his eai Wolflei 
picked up the jejunum bi ought it acioss the fiont of the colon wnth a long 
loop and attached it to the anteiioi suiface ot the stomach, thus giving biith 
to gastro-entei ostomy an opeiation which has caused much joy and much 
suflfeimg Heineke, in 1886, and Mikulicz, a jeai latei wmiking independ- 
ently devised pyloi oplasty, and so in a space of a few^ years all the standaid 
stomach opeiations weie boin 

The idea of side-tiacking the malignant obstiuction, fiist foimulated by 
Nicolodani and earned out by Wolflei on that fateful day, Septembei 27 
1881, w^as applied by Rydygiei, in 1884, for a benign obstruction Doj^en, of 
Pans, in 1893, employed the opeiation foi gastiic ulcei wuthout obstiuction 
This started a lot of tiouble and the stoiy of gastio-enterostomy is one of the 
most amazing chaptei s m the history of surgery 

In the eaily pait of the centuiy the fuioi of gastio-entei ostomy spread 
ovei the suigical woild People with stomach ailments, leal 01 imaginaiy, 
felt moie 01 less in disgiace until they had had this opeiation pei formed 

* Read before the Third Congress of the Pan-Pacific Surgical Association, Hono- 
lulu, T H September 21, 1939 
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House suigeons felt that they had not gamed the goal of their ambition until 
they had undei taken then hist gastio-entei ostomy It uas a favoiite subject 
of conversation at dinnei paities Not only was the opeiation employed 
wheie it was not needed, but it was often veiy badly peifoiined It is 
lecorded that, needlessly, this anastomosis was performed m the following 
conditions Functional disoiders of the stomach, when the symptoms weie 
due to othei conditions such as appendicitis, gallstones, and tubeiculosis of 
the intestines Cirrhosis of the liver with hemorihage, splenic anemia, tabes 
doi sails, lead poisoning, prolapse of the kidney, colonic adhesions, epigastric 
heinia, and even vomiting of pregnancy 

It was bad enough to employ the opeiation where it was not wanted, but 
to peifoim it badly was adding insult to injuiy It is lecorded that the loop 
was made too short, the loop was made too long or that the loop w^as twusted 
The stomata w^eie badly placed, too neai the pyloius and not at the most 
dependent pait of the stomach The stomach was attached to vaiious parts 
of the small intestine and even to the colon Some of the results w^ei e ten ific 
Hemoirhages, primary and secondaiy'-, vicious ciicle vomiting due to technical 
eiiois, internal heinia, and fixation by^ adhesions of the loop, w^eie some 
of the disastrous sequelae and, in 1899, Biaun first desciibed “maigmal 
ulcei ” More than any othei sm geons, Moynihan in England and W J 
Mayo in 0111 countiy taught the piofession how^ to perform the opeiation 
pioperly, and the adoption of Mayo’s method of lunning the efferent loop 
dovniwaid and to the left 1 educed the mimbei of twists and kmks 

Strangely enough, -when gastro-entei ostomy ivas bom, a rathei new dis- 
ease appealed on the suigical hoiizon m the light of duodenal ulcei s Roki- 
tansky, the great pathologist of Vienna of the last centuiy, wdio, accoiding to 
Geistei, IS ci edited wnth having perfoimed 30,000 autopsies, mentioned only 
hemonhagic eiosions of the duodenum, and Viichow wiote nothing at all on 
the subject Ziemssen, m 1876, stated that “ulcei of the duodenum is a com- 
paiatively laie disease the proportion to gastric ulcer being haidly one to 
thiity ” William Peppei of Philadelphia, in 1889, stated that not moie than 
70 authentic cases of duodenal ulcei s had been leported In our student day^s, 
the standard text-books mentioned duodenal ulcers only in then relationship 
to bums Oslei’s Textbook of Medicine, 1899 edition, described duodenal 
ulcei s wuth gastric ulcei s and stated that “the duodenal ulcei is less common 
than the gastiic ulcei s” He also stated that it is moie common in women 
than in men in the propoition of six to foui Little 01 no instiuction on 
duodenal ulcei s w^as given in the medical schools at the beginning of the 
centuiy Although some of the ulcei s may have been missed, it does not 
seem possible that they w^eie as pievalent half a centuiy ago as they aie now 
The old fellow's w'eie keen obsei\ers and certainly w'ould have found them 
had they been theie \Y(t now believe that the incidence of gasti oduodenal 
ulcei s predominates in the male sex m the piopoition of four to one, that 
duodenal ulcei s aie ten times moie common than gastric ulcers, and autopsy 
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lepoits state that ulceis oi scats of ulcers ate found in fiom 2 to 20 pet cent 
of all postmortem examinations 

The history of the technic of stomach opeiations is an inteiesting one 
Moynihan records that, 50 yeais ago, he rvitnessed a pylorectomy for cancel 
in which 200 silk sutuies weie used to unite the duodenum and the stomach 
In 1892, Muiphy invented his famous button, which adorned every instrument 
table m the suigical world I well lemembei 40 yeais ago, m the old New 
Yoik Hospital, attending a clinic of Piofessoi Robeit F Wen, in which he 
gave a laudatoiy lecture on the Muiphy button concluding with the mtio- 
duction “And now, gentlemen, I have the pleasuie of piesenting to you the 
inventor of this button ” With that, a tall, distinguished looking man with a 
gray, closely ciopped beaid parted 111 the middle, aiose fiom his seat in the 
amphitheater, bowed, and manifested his appreciation of the tumultuous ap- 
plause of the demonstrative medical students of oui day The Muiphy button 
taught surgeons facility in handling conditions in the abdomen Accoiding 
to Moynihan “it gave a convincing demonstiation of the essential simplicity 
of the piocess of visceial union By using the button we learned how safely 
and how rapidly the peiitoneal junction took place, theie was no need, as 
it was now perfectly evident, foi the hundieds of stitches that all suigeons 
weie using Firm, even appioximation for a \eiy few days nould lead 
the button showed beyond a doubt, to a peimanent and secuie fusion of the 
opposed viscera It is not the least exaggeiation to say that Muiphy levo- 
lutionized the methods of visceral anastomosis, and nas paitly responsible 
for giving that impulse to abdominal suigeiy, nhich m latei yeais has earned 
it so fai ” Aftei surgeons had learned the above quoted facts, the use of 
mechanical appliances had played their pait Moynihan fuithei says “To 
Murphy, above all othei surgeons, foi his instiument is one of the most 
ingenious mechanical contiivances evei invented, we should giatefully ac- 
knowledge the debt we owe Without the knowledge of his button, the 
surgei y of the stomach and the intestines would never have 1 cached its pi esent 
stage” Pool Muiphy, one of the most brilliant men of his time, a tiemen- 
dously haid worker, died at the age of 59 of oveiwoik and his button, which 
at one time was used all ovei the woild, is not even mentioned in modem 
text-books 

Our experiences in gasti oduodenal suigeiy heie m Hawaii may be likened 
to a cross-section of stomach suigery since the days of Pean The first gasti o- 
enterostomy was pei formed m 1905 The fiist paitial gasti ectoniy, Billroth 
No II, was pel formed in 1908 In the same year, a gastro-entei ostomy 
was accomplished nithout clamps In the “hoise and buggy da)^s,” encoun- 
tering an enoimously dilated stomach with a contracted pylorus in a pooily 
equipped hospital, without any stomach clamps available, a posteiioi gastro- 
enterostomy was pel formed, and the patient made a very smooth lecovery 
and n ent back to hei position as a lei sellei I believe that she still functions 
in that capacity and may have helped to decorate some of you gentlemen 
on youi ariival At that time, theie were many clamps, the Roosevelt, Little- 
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field, Scudder, Doyen, Haitman, Mayo-Robson, etc, and it was heiesy not 
to use them As I felt that I had committed a heresy, I kept quiet about it 
At the same time, I uas impiessed by the ease with which the operation 
could be accomplished, and with the smooth convalescence of the patient 
Since then I have larely used clamps In 1917, Rutheifoid Morrison, the 
biilliant English Suigeon, wiote as follows “The greatest authoiities advo- 
cate the use of clamps, and they offer many advantages There is, howevei, 
a dangei of internal hemoiihage aftei the operation has been completed, and 
although this may be a negligible iisk in the hands of expeits, it has so often 
occuired to my knowledge that, notwithstanding the most poweiful advocacy 
to the contiaiy, I feel safei m doing the operation without clamps and tying 
each spouting vessel sepaiately befoie completing the opeiation” If clamps 
aie unnecessary, why use them^ It always makes me shudder to see a nice, 
velvety piece of jejunum held like a vice in vicious looking instiument I 
wondei what happens to the delicate tissues involved, if some of the tiny 
blood vessels aie not ciushed and the sympathetic nerves bruised and insulted 
It is recorded that some marginal ulceis have appealed within two weeks 
of the operation It is thus possible that this condition was aroused by the 
damage done by the clamps Some gastro-enterostomies do not do well aftei 
opeiations Balfour, in his monumental book, writes as follows “In some 
cases, obstiuction appaiently may be complete and may peisist even with 
discontinuing of food, lavage, 01 intravenous administration until for some 
unexplained leason the gasti o-entei ic stoma begins gradually to function and 
finally the difficulty is entiiely collected” May not this condition as above 
described be due to the physiologic lesentment of the stomach and intestine 
against having been squeezed so tightly and so long ^ 

In this most fascinating chapter of abdominal surgeiy, we have sat heie 
on the sidelines and watched the contest going on, dashing into the fiay now 
and then In wondei mg wdiat it is all about, we have tiled to follow the 
voluminous hteiature on the subject and have concluded that there is hardly 
any disease wdiich has so many causes as peptic ulcei The different assigned 
causes may be divided into the category of piedisposing and exciting In the 
first group fall the so-called constitutional predisposition, the ulcer diathesis, 
the hypei tonic stomach with active peristalsis, rapid empt3ung, hyperchloi- 
hydia, hypei secretion, and along wuth this condition a relatively deficient 
blood suppl}'^ of the ulcei area The vessels supplying the lesser cuivature 
aie long and slendei, and are mostl)'^ end-aiteiies going through the musculai 
laj^eis to the mucosa Accoidmg to Alvaiez, the mucous membrane of the 
lesser cuivatuie is fastened to the muscle much as the skin of the palm of 
the hand is fastened to the fascia Then theie is adrenal o\eractivit}, vaga- 
tonia, and the vasoneuiotic diathesis 

In the gioup of exciting causes, there occur tiauma, external and internal, 
fi om food too hot, too cold, and too rough, focal infections including diseased 
gallbladdeis and appendices, bacterial infections, preceding chronic gastritis 
and duodenitis, derangement of the nervous system, w orr>’-, fatigue, emotional 
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distui bailees, oiganic biain disease such as tumois, alcohol and tobacco and 
of couise, vitamin deficiencies and endocrine distui fiances 

Some wiiteis have gone so fai as to desciibe the physiognomy of the 
ulcei subject “with high malar piominences, a thin often w'heezened face, an 
anxious look, pooi nutiition, and an eneigetic demeaiioi ’ About loo yeais 
ago, Dupuytien noted that duodenal ulcers sometimes developed aftei severe 
burns Then this condition w'as described by Curling, in 1842 This is the 
one cause that all authoiities agree on without contioversy, and no one has 
satisfactorily explained the mechanism of it 

Like the coionary arteries, the ulcei pioducing poition of the stomach 
and the duodenum is subject to the gieat strain of w^ear and teai The Ger- 
mans called this aiea the “magensU assc,” and this pait of the stomach may 
be thought of as a cuiving highway w'lth a moie or less continuous stieam 
of automobiles passing ovei it These automobiles vaiy in w'eight and speed 
Eiosions appear m the load suiface and increase m size as the}"^ are subjected 
to added weai and teai The pavement gives out and ulcei s appear like 
chuck-holes of the roadw^ay The causes of the ulcer aie as numerous as 
the different makes of automobiles passing over the highway 

W ith all the knowdedge that has accumulated during the last 50 yeai s, W’^e 
have settled dowm to some definite conclusions and indications History 
lepeats itself Over 70 yeais ago, Cruveilhiei, wdiose name is still given m 
France to peptic ulcers, laid down the piinciple that peptic ulcei s aie cuiable, 
that dietaiy regimen is of pai amount impoitance in the tieatment and pie- 
vention of lecuirence He w^as also the fiist to lecommend a milk diet 
What can we conclude fioin the enoimous mass of mateiial and experience 
that has accumulated in the last 50 years ^ 

(1) When Waltei B Cannon, in 1897, fiist gave a goose some bismuth 
to sw'allow' so that he could study the piocess of deglutition, he staited some- 
thing wdneh has been most valuable to the human i ace, and the roentgenologic 
diagnosis of stomach lesions is now'^ over 90 per cent collect Cancel of the 
stomach can be lecognized early enough to be operated upon successfully 

(2) Ulcei s can be cured by medical tieatment in 50 to 80 per cent of the 
cases if the patient cooperates Of patients tieated in the eailier stages 85 
to 90 pei cent aie cuiable Essentials foi a cuie are lightening of physical 
and mental strain, a careful diet, and avoidance of alcohol and tobacco 

(3) What group of patients should especially not be operated upoiU 
Young patients with small stomachs, small ulcers and hypei- or even normal 
acidity should not be subjected to gastro-entei ostomy on account of the 
dangei of jejunal ulcei s One of our patients had a profuse heinorihage from 
a marginal ulcer follownng a gastro-enterostomy performed on the mainland 
18 yeais previously, but this record has been superseded by Finsterer, wdio 
lecoids a gastric heinorihage 28 years aftei the primal y operation 

(4) What patients should be operated upon? Those who have the fol- 
lowing complications 
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(a) Acute peifoiations of gastiic and duodenal ulceis and the soonei 
the better 

Should gasti o-entei ostomy be peifoimed at the same tmie^ No. 
unless, m exceptional cases, ^^hen the lepan of the peifoiation 
produces a definite pyloiic obstiuction 

(b) Peisistently lecuiiing hemoiihage in spite of good medical tieat- 
ment 

In this connection, it is inteiesting to call attention to the rad- 
ical revision of tieatment of gasti ic hemonhages by Meulengiacht, 
who 1 educed the mortality of hemoi rhagic duodenal ulcei to i pei 
cent In a series of 251 cases, the moitality with oithodox treat- 
ment in the same city foi a similar four-yeai pei lod \\ as 79 
pel cent Instead of staivation of the stomach plus tiansfusion, 
he feeds his patients meat balls, pin eed vegetables, omelets, etc , 
and allows them to eat as much as they want In a few cases m 
which we have employed this tieatment, we have been impiessed 
by the lesults and believe that it is woith tiying as the moitahty 
from hemoiihage runs anywheie up to 16 per cent, accoiding to 
dififeient obseiveis 

(c) Wheie pain peisists in spite of good medical tieatment, and the 
patient is becoming weakened fiom undei-nouiishment and suf- 
fering 

(d) Wheie theie is 01 game pyloiic obstruction not lelieved by med- 
ical measures 

(e) In gasti 1C ulceis where the possibility of malignancy can not be 
eliminated This especially pertains to ulceis of the gi eater 
curvature 

(5) What opeiations should be peifoimed on the stomach when these 
conditions exist, and it is requued that they be lemedied'^ The stomach is 
a highly developed and sensitive organ and is veiy lesentful of any libeities 
taken with it Each case should be studied on its own meiits, and unless 
the pioper suigical proceduie is applied to it theie is bound to be tiouble 
Gasti o-entei ostomy — ^An opeiation that caiiies with it the hazaid of 
maigmal ulceis supei veiling anywheie fiom 12 days to 28 yeais after its 
peifoimance, should be looked at askance The peicentage of patients dei el- 
oping these ulceis vanes in diffeient leports from 3 to 40 per cent Alton 
Ochsnei thinks that 3 pei cent is too low a figure and that an additional 25 
to 30 pei cent who have not been leheied by the operation, aie suffeieis fiom 
maiginal ulceis 

(r) In ulceis of the lessei cuivatuie, simple excision is condemned as 
pioducing a “lop-sided” peristalsis iMth impaiied empt}mg and a gasti o- 
entei ostomy, in addition, is lecommended Foitunately, gasti o-entei ostoni} 
in this gioup of cases is laiely followed by jejunal ulcer 

(2) In older people vith maiked pyloric obstruction, dilated stomachs, 
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and hypo- or anacidity, gastio-enteiostoiity is a satisfactory piocedure As 
time goes on and duodenal ulcers are recognized and treated earlier, peihaps 
theie will be fewei patients in this gioup 

(3) In some cases of cancer of the stomach where a two-stage opeiation 
IS advisable, gasti o-entei ostomy is indicated foi the hist stage 

With these thiee exceptions, we would sa3% “Don’t do a gasti o-entei - 
ostomy I” 

Foi less seveie cases, a plastic opeiation on the pyloius of the Hoisley 
01 Finney type, combined with excision of the ulcer, is far less apt to be 
followed by disagreeable consequences 

Foi seveie cases with old, haid duodenal ulceis, fixed to the pancreas, 
subtotal gastrectomy is indicated with the removal of three-fouiths to foui- 
fifths of the stomach In exceptional cases, the Bilhoth No I and No II 
and Devine s antial exclusion may be called foi 

Time allows onty a few' minutes in w'hich to mention oui favoied method 
of gastrectoni)' Of the fourteen or moie methods, we emploj' w'hat is kiiowai 
as Mo3mihan No II, as descnbed m his admirable book on Abdominal Opei- 
ations The loop of the jejunum is earned in fiont of the tiansveise colon 
and attached to the cut end of the lesected stomach, the loop lunning fiom 
left to right and not horn right to left as in the oiigmal Pol3'a The prox- 
imal end of the jejunal incision is attached at the gieatei curvatuie and the 
distal part of the jejunal attachment is made at the lessei curvatuie The 
cut end of the stomach may be paitlj' closed 01 tlie jejunal attachment may 
be made along the full length of the resected aiea This, I believe, is the method 
favoied by Dr Frank Lahey, although he calls it the Hofmeistei operation 
It IS easy of execution, not complicated, does not involve opening the tians- 
veise mesocolon, and is usually follow'ed by piompt reestablishment of gasti ic 
drainage with less distuibance and tioublesome symptoms than follow' moie 
complicated methods 
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A PRELIMINARY REPORT 

Russel H Patterson, M D 
New York, N Y' 

It is only lecently that lymphogi anuloma veneieum has become generally 
recognized as presenting a seiious problem in public health, especially among 
the coloied lace Statistical leports on gioups of cases by the bundled are ap- 
pealing almost eveiy month in the hteiatuie Figures emphasizing the 
frequency of the disease ai e given by Gray,^ who found that out of 790 patients 
submitted to the Frei test in a city hospital m St Louis there weie positive le- 
actions in 40 per cent of the coloied patients, and 34 pei cent 111 the white 
patients Giay furthei found, as have others,- that a very large percentage of 
people who contract the disease entirely 1 ecovei from it, and all that 1 eniams as 
evidence is the positive Frei test Of those who do not symptomatically re- 
cover, and who go to the clinics for tieatment, most of them will have the 
disease 111 a chi omc foi 111 — their symptoms not being severe enough to 1 equire 
hospitalization But not all the chionic cases will be so foitunate — a number of 
them will reach oui hospital beds in a miserable condition The patients are 
usually colored and they aie destitute, theiefoie, one finds most of them m 
the chanty hospitals How ever, even at the Vanderbilt Clinic and Presbyterian 
Hospital in New Yoik City, Di Helen Cuith and Doctoi Gutman^ obseived 
11101 e than 200 cases of lymphogi anuloma A^eneieum during the peiiod 1931— 
1938 They state “The largest numbei of 11101 e than 100 w^ere tertiary cases 
showing rectal stnctuies, chronic ulceiations of the genitals, elephantiasic 
sw^elhng, pioctitis, aithiitis and systemic manifestations ” 

Of the tertiaiy, 01 seveie cases, we aie at this time interested 111 those of 
the anorectal type These usually have a rectal stnctui e, though some cases do 
not The rectal stnctui e may vaiy in degree and extent, but m many cases 
intestinal obstiuction of some degree exists Theie are one 01 moie abscesses, 
fistulae or sinuses about the ischiorectal region Theie are multiple condylo- 
mata about the sinuses and fistulae, and these condylomata are frequently at 
the anus and inside the rectum Two of oui cases had 18 and 20 fistulae, 
1 espectively, about the anus Moreover, these patients are suffering from 
extreme loss of weight, a low giade fever, secondaiy anemia, secondary infec- 
tion and frequently from othei diseases, such as syphilis, carcinoma, or cardio- 
vascular-ienal disease^ They ha^e pain fiom the local inflammatory process 
and pain in the abdomen from obstruction In fact, wdiat usually brings these 

*Read before the New Y'ork Surgical Societj, October 9, 1940 
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patients to the hospital is the distressing local S3anptoms and the symptoms of 
intestinal obstiuction In a certain numbet the bowel peifoiates and the pa- 
tient dies Waithen'^ states that piactically e\ery large series of cases has in- 
cluded fatalities from peiitonitis Gutman’’ noted three such cases fiom the 
Piesbyteiian Hospital m New Yoik, and, also, lemaiks that death following 
peritonitis is not laie In some cases the disease progi esses up the colon 
Cases are reported with liver abscesses, lenal involvement and systemic mani- 
festations of various kinds ^ 

Once a case has become as severe as desciibed, we find that he shifts from 
one hospital and clinic to another This is because a satisfactory method of 
treatment is not available Of oui gioup of these seveie cases, ve find the his- 
tory extending back over a peiiod averaging four yeais 

Unfortunately for the patient the simple procedures do not always tui n out 
so innocuously Dilating then lectal strictures fiequently onl) causes more 
scar tissue to foim and eventually the state is leached where dilatation 
amounts to tearing and not stretching With a colostomy of the ordinary loop- 
type, there is no leason why the disease cannot extend along the mucous mem- 
hiane past the colostomy After incision and drainage of the abscesses and 
fistulae, they are notoriously slow in healing, and, m fact, may not be expected 
to heal because of stricture, condylomata, and the disease existing inside the 
rectum Frequently the pioctitis appaientl)’ cleais up, but often fibrous stric- 
tures of the rectum follow, and senes of fiom 86 to 215 cases at a time have 
been leported ^ It is now thought that a gieat many so-called gonoirheal and 
luetic strictures of the rectum of the past were m leality due to the virus of 
this disease 

Some pi ogress is being made m the conseivative tieatment Cases suc- 
cessfully treated by diatheini)' and sulfanilamide have lecently been le- 
ported " 8 But it is one opinion that a cei tain pei centage of these cases ai e 
going to lequire majoi surgical measures despite any medical tieatment yet 
discovered 

The fiist surgical attempt to tieat the disease was made by perfoiming a 
simple loop-sigmoidostoniy The fecal cuiient iias thus shunted and the pa- 
tient improved Theoretically then, the symptoms might subside, and a re- 
establishment of the continuity of the bowel could be effected However, we 
have operated on this assumption seveial times and have alnays been disap- 
pointed because the minute the fecal current passed down again through the 
old diseased rectum the local s)anptoms of infection and obstiuction leturned 
In chionic fibious stiicture without abscesses and fistulae, a local excision 
by the Whitehead type of operation has pioduced good lesults Also, in this 
type of case, a plastic operation on the lectuin by a posteiioi approach has 
given good results m a small number of such cases *■ 

Warthen leports ten cases of lectal stricture treated by obhteiation of the 
cul-de-sac or rectovesical pouch and colostomy 

At first, bold excision, of the abdominoperineal type, resulted in such a high 
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opeiative mortalit}'^ that this opeiation was quickl} ahancloned Moie lecently, 
however, several cases successfully tieated h} this method have been leported 

Barber and Muiphy^- have reported 35 one-stage sacioperineal resections 
and 31 abdominal colostomies followed by saci opei meal lesections Then 
hospital mortality w^as 14 3 pei cent 

Edwards and KindelB"^ have lepoited six cases operated upon by the Lock- 
hart-Mummery*’ pioceduie In all a loop-colostomy w^as first performed One 
of their cases failed to suivive the operation 

Our experience wuth these seveie rectal cases has convinced us that the 
followung points are tiue The operative procedure must be undertaken in 
at least tw^o stages , a colostomy has to be pei formed as a first step , an end- 
colostomy is bettei than the loop-type because the disease cannot travel up- 
w^ards from the lower segment and fecal soiling of the longer segment is ab- 
solutely avoided This colostomy will not cure the patient as the local piocess 
continues The patient, how^ever, ivill greatly improve and gain w^eight The 
secretion of mucus from the distal segment is most annoying to the patient and 
adds to the number of daily dressings, also, the mucous membrane is a good 
medium for the virus of the disease Any operation that opens into the perito- 
neal cavity during the excision of the longer segment is dangerous, and should 
be avoided because of the marked infection in the local lesions The deep 
lymphatics and those of the mesentery and inguinal region are usually in- 
volved, therefore, even a block excision, as that of the abdominopei meal type, 
cannot remove all the disease If the lectal dilatation has been earned out over 
a period of years, then the mucous membiane at the site of the stricture may be 
greatly damaged, otherwuse the mucous membrane covering the rectal sti icture 
may be intact How^ever, the mucous membrane below the stricture is com- 
monly the seat of ulceiation, condylomata, and multiple fistulae It is pos- 
sible, therefore, m some cases to lemove the mucous memlirane covering the 
stricture Lastly, it is our experience, and the experience of others,^- that 
after removal of the rectum and laying all abscesses and fistulae open to the air, 
they will compl^celv heal On these principles w e have developed the followung 
technic \ ^ 

An end-colostomy is first established This is essentially the same opera- 
tion as the first-stage of Lahey’s proceduie for removal of carcinoma of the 
rectum At this \| line w^e excise all of the sigmoid between the proximal and 
distal stomata Wc do this because w^e find the colostomy functions better 
wuth a short pouch left inside the abdomen — the bowel empties better and 
there is less tendenc} to prolapse afterward This type of colostomy separates 
the normal and diseased ends of the bow'el a sufficient distance to prevent any 
contamination (Figs i and 2) At this time any acute abscesses about the 
anal region are incised and diained because, in doing so, absorption is de- 
creased and the patient is made more comfoi table The distal segment is ir- 
rigated tw ice a day w ith 2 per cent aqueous solution of mercurochrome (Fig 
2) This is the best of all the simple chemical solutions that w'e have 
employed 
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Gieat impiovement usuall}'’ follows the fust stage, so that, within a few 
weeks, the second stage of the opeiation may be peifoimed This stage may 
be desciibed as a mucosal-sti ipping opeiation (Fig 3) An incision is made 
about the lowei colostomy opening 1 he mucosa is identified and then stripped 
away fiom the musculaiis and iieiitoneal layeis b}^ blunt dissection This is 
accomplished with suipiising ease We hai'e stiippcd, on two cases, 23 inches 
of mucosa without damaging the othei layeis and without enlaiging the supra- 
pubic incision (Fig ii) Theie are two leasons i\hy this shipping can he so 
easily accomplished Fust, the bowel hehuid one of these lectal strictures is 

greatly hyperti opined, due 
to the yeais of back pressuie 
and the effoit of the bow^ei 
to foice the intestinal con- 
tents past the stricture 
This hypei trophied condi- 
tion identifies the layers 
moi e definitely Second, 
the blood vessels and neives 
1 un along the muscularis 
and at inteivals dip through 
the muscle layei and the 
loose submucosal tissue into 
the mucosal wall (Fig 10) 
These small, penetrating 
vessel bi anches do not bleed 
a gieat deal when divided 
If a branch lequires it, it 
ma} be ligated Aftei all 
the mucosa possible has 
been stiipped fioin aboA^e, a 
small cathetei or bougie is 
intioduced 111 the tube of 
sti ipped mucosa and pushed 
down thiough the lectuin out the anus (Fig 4) The mucosa is then tied 
01 sutured to the pioxiinal end of the cathetei The patient is then placed in 
the lithotomy position All suiiounding condylomata and fistulous openings 
are, foi the moment, not distuibed An incision is made about the anus at 
the mucocutaneous junction, very much like the beginning of the Whitehead 
procedure (Fig 5) As soon as the mucosa is w'ell-identified and fieed, an- 
terioi and posteiioi incisions aie made m the inidhne and the sphinctei 
muscles divided and leti acted lateially The dissection is then earned to 
the levatoi muscles and, if necessaiy, these may be divided antenoily and 
posteriorly INIeanwhile the lectal mucous membiane is further stripped by 
pushing the musculaiis back fiom it (Fig 6) At this stage the anal end of 
the catheter is pulled dowmw^ard, bunging with it the uppei end of the mucosa — 
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Fig I — Fust stige of operation Exploration of the 
abdomen through niidhne incision Remo\al of nio<^t of the 
sigmoid as shoivn by dotted lines Proxinnl stump of sigmoid 
brought out through left McBurnej incision and distal stump 
brought out through lo^\er ingle of inidhne incision 
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Tio 2 — Left McBurnej, pernnnent, short pouch, colostonn Tower set,nient is irnguted twice dub, 
usualb "ith aciueous solution of 2 per cent niercurochroiue 
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Fig 4 — After nil the mucous menibiniie possible usuallj ten to 20 inches hns been 
stripped out abote n catheter is intioduced into the sleet e of mucous membrane and fived 
bj suture 


\ 



Tig 5 — Patient put in lithotomy position Incision made about mucoeutaneous 
junction of anus and dissection of mucous membrane begun Condjlomata and 
hstulae for the moment, are left alone 
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Fig 6 — Mucous membrine being stripped out of rectum Sphincters 
have been cut anteriorly and posteriorly, and retracted Le\ator am identi 
fled, and ma> be dnided antenoilj and posteriorlj if neccssarj 



1 


Fig 7 — After the anal and loner rectal dissection has proceeded a fen inches the 
catheter tip in the rectum is grasped and pulled out through the anus turning the sleet e 
of mucous membrane inside out Bt further traction, and dissection if necessary, the 
whole sleet e of niiicoiis membrane is dehtered 
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Pig 8 — All fistuhe me connected uul opened wide All condvlonnti ire exci'^ed 



Fig 9 — Drain left through from suprapubic to anal wound The uterus is 
shown sutured to the rectal wall This procedure of Warthen niaj be done at the 
first stage operation if desired It gues an added factoi of safet> in this disease 
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very much like turning a coat sleeve inside out (Fig 7) With further traction 
sometimes the whole mucosa may be entirely lemoved, even through the stric- 
tuied aiea We have, on all occasions, been able to do this in the cadaver 
(Fig 12) If the mucosa cannot he stripped by ti action through the stric- 
tured ai ea, then some dissection may be necessai y 

We next la}'- wide open all fistulae, and excise all of the surrounding skin 
condylomata (Fig 8) Formeily we lemoved the fistulous and condylomatous 
areas m a single block, but we now find, as have otheis,^- that when laid wide 
open, all these areas will entiiely heal Finally, sufficient drains are left 





Tio 12 — Mucosal stripping specimen from the 
cadarer 


Tic 13 — Roentgenogram of rectosigmoid in 
Case I (C S) The rectum uas straight 
conti acted and fixed in heavj scar tissue 



through the dissected aiea from the abdominal wound to the peiineal wound 
(Fig 9) These drains may be entirely removed in about a week The sinus 
thus left IS irrigated twice daily with any solution desiied The wounds heal 
moie rapidly than one would expect The patient is discharged after twm to 
three w'eeks, and 1 eturns to the clinic foi di essings, 01 may be instructed to do 
them himself 


CASE KEPORTS 

Case I — C S , white, male, age 56, was admitted to the Hospital for the Ruptured and 
Crippled March 14, 1932 For three years he had been suffering from rectal abscesses, 
fistulae, stricture of the rectum, and had had several operations Examination showed an 
acutelj ill man with a large perirectal abscess, stricture of the rectum, nine fistulous open- 
ings in an indurated ischiorectal region, and a recto-urethral fistula through which feces and 
gas were passed Roentgenologically, the bowel showed a narrow fixed rectum which 
looked like a pipe (Fig 13) The Fiei test was stronglj positive An immediate incision 
and drainage was done of the peiiiectal abscess A supiapubic cystostomy cured his 
recto-urethral fistula We dilated the rectum and opened fistulae on several occasions 
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Fig 14 — Anal region of Case 1 (C S ), four years postoperative 
Before operation he had nine fistulae, nnnj cond>lomata and sinuses, 
and a recto urethral fistula 
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during the following jeai Finalb% on Maj' 27, 1933, we established a colostomy of the 
first-stage Lahey type The patient improved but the mucopurulent discharge from the 
lower segment was a source of great inconvenience to him, and required many dressings 
The extent of the disease m the rectosigmoid made the complete excision of the rectum 
impossible The problem w'as to, at least, get rid of the mucus On October 14, 1936, 
m attempting to close the lower colostomy opening, so as to have all the discharge dram 



Tig 16 — Abdomen of Cnse 2 (C B), operated upon 21 months 
prcMouslj Clean healed scar Wears no colostomj bag 



Fig 17— Anal region of Case 2 (C B), 21 months aftei the 
second stage operation Before operation she had numerous condjlomata 
sinuses rectal stricture and great induration of the ischiorectal region, 
uith pus and bloodt discharge and partial intestinal obstruction 


at the anal end, w'e suddenly found that, after the mucosa was freed at the skin border, 
w'e were able to pull out and stiip out some nine and one-half inches of the mucosa We 
then placed the patient in the lithotom> position and, bj a posterior incision through the 
densely scarred anus, w'e W'ere able to dissect out wdiat remained of the mucous membrane 
and rectal w^all The patient rapidly recovered and'w'as discharged 15 days later The 
large dressings, mani times a day, w'ere reduced in three w'eeks to a small piece of cotton 
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at tlic anal end night and morning The patient has trained himself so that his bowels 
mosc c\cr\ morning lie has now been well foi fom yeais (Figs 14 and 15) 

Case 2 — C B, eoloicd, female, age 35, was admitted to the Cornell Division at 
BcllcMic Hospital, Noiembei 21, 1938, complaining of hcmoiihoids, growth fiom the 
rectum, rectal bleeding and constipation dining the previous two years At examination 
we found the tjpical picture of a two-inch stnctuic of the rectum, beginning two inches 
inside the anus At the amis thcic pi oti tided a papillomatous giowth The whole ischio- 
rectal area was indurated and the seat of niimeioiis condjlomata and sinuses Pus and 
blood was dischaigmg from the icetiim 'i lie Frci test was strongly positive On Decem- 
ber 3, 1938, a colostoim was estalilished and nine inches of sigmoid w’eie removed The 
condition of the patient greath impioved On January 9, 1939. the mucosal-stripping 
operation was perfoimcd, 23!^ inches of mucosa being lemoved (Fig ii) The patient 
was discharged 22 dais later All wounds were healed m eight wrecks and have remained 
so to date Her bowels move once a dav She does not w'car a colostomy bag (Figs 16 
and 17) 

Case 3 — O L , white, male, age 39, was first seen 111 Bellevue Hospital on December 
30, 1938 He had lost 23 pounds in six months, he had rectal fistulae for ii years, and had 
been operated upon at least fne times 111 fne different hospitals Examination showed 
an emaciated man The anal legion was indurated, and distorted Theie were nine 
fistulous openmgs, and the rectal mucous membrane w'as prolapsed The Frei test was 
negative On January ii, 1939, a colostomy was established and several inches of sigmoid 
removed The patient’s condition, generally and locally, improved On February 28, 
1939, the mucosal-stripping procedure w'as carried out, the entire tube of mucosa being 
relatively easily removed The dram was removed m one w’eek and the patient w'as al- 
low'ed out of bed In seven weeks the wounds w-ere practically healed, the patient using 
a small piece of gauze at the anal end The patient was heard of once since, and was said 
to be cured We have not been able to get 111 touch wnth him further This patient may 
or may not have been a case of lymphogi anuloma venereum 

We have pet formed both stages of this opeiation on three other cases The 
foiuth and fifth cases letuined to the clinic at Bellevue Hospital until they 
weie about -well They then moved on fiom the Municipal Lodging House 
and have not leturned to the clinic again 

Case 6 — J A G , colored, male, age 35, had the second stage of the operation August 
23, 1940 He had a stiongly positive Fiei test, and a venereal history extending over ii 
years On admission to Bellevue Hospital he had a partial intestinal obstruction from 
stnctuie of the rectum, multiple condylomata, and 19 rectal fistulae After the first-stage 
operation, June 19, 1940, he gained 12 pounds The rectal mucosa was stripped out August 
22, 1940 The condylomata w^ere excised and the sinuses widely incised Drains were 
all removed by the fifth postoperative day, after which time his temperature remained 
normal The patient w^as discharged, 18 days after the second operation, in good physical 
condition, wuth almost negligible discharge from the anal region All the sinuses were 
clean and healing rapidly The intestinal tube w'as closed above and granulating well 
below 

We have four othei cases upon w'hom we have performed the first stage of 
the opeiation One has gone through a piegnancy We have closed her colos- 
tomy twice, and on each occasion the local condition has become tvorse , the 
colostomy was opened once by nature and once by the surgeon The other 
three have, thus far, lefused the second stage of the opeiation They improved 
immediately after their colostomies but the local condition is still very active, 
requning a gieat deal of care and dressings Another case had his colostomy 
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and, even with a negative biopsy lepoit, was found, at the second opeiation, to 
have a carcinoma of the rectum m addition to lymphogranuloma veneieum 
We undeitook an extensive excision of the rectum but the patient died one 
year latei with metastases of the lungs, plcuiae and kidne}s 

Comment — We have pathologic reports on all of oui cases, hut we have 
not presented them and their photomici ographs heie because it is the feeling 
of our pathologists at Bellevue Hospital and of otheis that a diagnosis can- 
not be made from a tissue examination The lattei is of help m excluding 
other diseases, such as syphilis, tubeiculosis and carcinoma The tissue reports 
are always similai Acute and chi onic inflammation, submucosal fibi osis , mus- 
culai hypeitrophy, dense lymphocytic infiltiation , neciosis, mucosal polypi, 
etc However, tubeiculosis, syiihilis and caicinoma are so frequently asso- 
ciated with this disease, that loentgenogiams of the chest, blood Wasseimann 
tests, the Frei test, and a biopsy should alua3's be done Gieenblatt m a 
lecent article, has diawn attention to the frequency with which genital and 
rectal malignancy is clothed in the guise of a veneieal disease 

Because the medical piofession is not yet fully awaie of the inadequacy of 
oidinaiy treatment of this disease, all the authors of lecent articles on the sur- 
gical treatment, have emphasized that some cases aie lefractory, the piognosis 
IS bad, a systemic spiead may occui, and death fiom sepsis peiitonitis, and 
cachexia happens moie often than is geneially lecognized A simple colostomy 
IS a tremendous relief to these patients, and it will pi olong life many years, but 
cases are being repoited,^- and we have seen two such cases, wheie the disease 
had extended up the sigmoid and had actually involved the colostomy stoma 
We also see a few cases e\ei3’- yeai Avho have had a colostoni}’’ peifoimed 
elsewhere and whose symptoms, locally, have inci eased until they aie admitted 
to our hospital waids for furthei tieatment Anothei inteiesting point is the 
number of years a patient can go with almost complete intestinal obstruction 
from the stiicture We have had several cases go foi thiee or four 3^ears with 
strictures through which we could not pass a small bougie Finally, they 
would submit to colostom3'^ 

The leaction after the mucosal-stripping opeiation is not severe The tem- 
perature raiel3^ rises moie than two or three degiees The patients are often 
anemic and need a blood tiansfusion We have, thus far, 01113'^ operated upon 
the woist t3q3e of cases with the anoiectal syndrome Out of six cases we have 
not had a fatality One case with multiple fistulae and an ii-year histoiy 
without a positive Frei test, was submitted to the operation and gi eatly bene- 
fited by It We believe, theiefore that the operation may be indicated in ceitam 
cases of multiple fistulae, especially where the sphincter has been irreparabl3'' 
damaged We oflfer this leport as a piehmmai3^ one, and we realize that six 
cases are not sufficient to piove the value of the opeiation We do feel, how- 
evei , that the mucosal-stnppmg is a new idea We would like to ofifei it for 
what It IS woith It does have the advantage of not enteimg the peritoneal 
cavit3% and avoiding the consequences which ma3' thus follow m these infected 


cases 
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CONCLUSIONS 

(1) An opei alive pioccduie foi the anoiectal type of lymphogianuloina 
veneieum is clesciibed Tlie second stage consists of stnpping the mucosa from 
the layeis of the lowei sigmoid and lectiim — which we believe to be a new 
featui e 

(2) Five cases, thus fai tieated, have been gieatly benefited 

(3) One case of multiple lectal listulae, not due to lymphogi anuloma 
veneieum, has been impioved by this opeiation 

(4) We believe the opeiation deseives a finthei Inal on such cases 

REFERENCES 

^ Gray, S H , c/ al Lj mphogi anuloma Inguinale Its Incidence m St Louis JAMA, 
106, 919-920, 1936 

~ Grace, A Personal communication 

Gutman, A B Systemic Manifestations of Lymphogianuloina Veneieum N Y State 

J M, 39 . Pait II, 1420-1431. July 15, 1939 

Wartlien, H J Operative Tieatment for Benign Rectal Stricture (Lymphogi anuloma 
Venereum) Arch Suig, 38, No 4, 617-624, April, 1939 
Hartman, H Lancet, i, 307, 1922 

“Marino, A W M, Buda, A M , Turell, R, and Neib, L The Treatment of Venereal 
Lymphogranuloma nith Sulfanilamide Am J Surg, New Series, 46, 343-347, 
Novembei, 1939 

' Martz, H , and Foote, M N Stricture of the Rectum Secondary to Lymphogranuloma 
Venereum Treatment w’lth Diatheimy JAMA, 114, 1041-1045, March 23, 1940 
® Foote, M N Lymphogranulomatous Strictures of the Rectum Treatment of Dia- 
thermy The Review' of Gastro-enterology, 7, No 2, 144-154, March-Apnl, 1940 
“ Lockhart-Mummei y and Lloyd-Davies, O V Brit J Surg, 23, 19-24, July, 1935 
^“Keller, W L Am J Suig, 20, 28-32, April, 1933 
Morns, J H Abdominoperineal Resection of the Rectum for Lymphogranuloma An- 
nals OF Surgery, hi, 152-155, No i, January, 1940 
Barber, W H and Murphy, W B Personal communication In press Annals or 

SURGERV 

Edwards, Monte, and Kmdell, F B The Treatment of Rectal Lymphogranuloma by 
Excision Surgery, 4, No 6, 809-826, December, 1938 
Stannus, H S A Sixth Venereal Disease Balhere, Tindall and Cox, London, 1933 
Lahey, F H Surg, Gynec , and Obstet , 51, 692-699, November, 1930 
Grace, A W , and Henry, G W The Mode of Acquisition of Lymphogranuloma Ve- 
nereum of the Anoiectal Type N Y State J M , 40, No 4, 285-289, February, 1940 
Torpm, R, Pund, E R, Greenblatt, R B, and Sanderson, E S Lymphogranuloma 
in the Female Am J Surg , New Series, 43, No 3, 688-694, 1939 
^“Ebeihard, T P Generalized Lymphogranuloma Inguinale Annals of Surgery, 107, 
No 3, 380-388, March, 1938 

Gieenblatt, R B The New'er Venereal Diseases Am J Surg, New' Senes, 49, No 3 
411-419, 1940 

Discussion — Dr John H Morris (New York) said Lymphogranu- 
loma inguinale has been giadually assuming a moi e pi ominent place in present- 
day liteiature and there is certainly a notable increase in the numbei of le- 
poited cases Whethei this inciease is relative 01 absolute cannot be stated 
but it does appeal piobable that leclassification of rectal stiictuies with the 
consequent fiequent elimination of the diagnosis of syphilis and gonorrhea 
may be held to account foi the fact at least in some degiee 
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In any event, the tieatment of this increasing gioup of cases has become 
a piessmg problem paiticulaily since the therapeutic appioach to this disease 
— whethei medical oi snigical — has not been satisfactoiily established Re- 
poits fiom various sources indicate the success of conseivative measures of 
tieatment comprising the use of sulfanilamide, i oentgenotherap}^ diathermy, 
etc , and theie can be no doubt that many of these cases lesiDond to such 
measui es 

It IS equalty tiue, howevei, that an undetermined peicentage of these cases 
— and paiticulaily the type seen in the cit}^ hospitals — piesent a group of 
serious complications such as peiipioctitis, abscesses, stiictures and fistulae 
While the disease itself may lespond to conservative measures, it is certain 
that those complications incident to it definitely demand ladical surgical therapy 
It IS significant that the type of suigical theiapy best adapted to this con- 
dition IS also not definitely established Colostomy or colostomy plus com- 
plementary opeiation has been the mam objective but it is to be noted that 
these colostomies are usuall}'^ peimanent and that they must be established in 
young patients The ideal pioceduie is unquestionably that which removes a 
piogressive lesion and restores the continuity of the intestinal tract, thus 
avoiding peimanent colostoni)'^ This ideal is not always attainable, howevei, 
and, theiefore, the ingenious pioceduie desciibed by Doctoi Patterson meiits 
consideiation because of the satisfactoiy aftei-iesults and the unusually low 
mortality possibilities In this connection it is inteiesting and significant to 
note that the pi ogress of this disease seems to have been stayed b)!- an attack 
upon the mucosa alone Theie has been a general belief that the virus of 
this disease is spiead via lymphatic channels and mtramuial extension The 
response m Doctoi Patterson’s cases, if confiimed by longei observation, may 
well contribute A^aluable infoimation to the etiologj' of lymphogianuloma 
venei eum 

In view of the diffeient types of suigical appioach to this disease. Doctor 
Moms showed a case m which lesection of the involved lectum was earned 
out, the intestinal canal leestabhshed, and a satisfactoiy sphinctenc control 
accomplished 

Case Report — A Negress, age 31, was admitted to the Fourth Suigical Division 
of Bellevue on January 31, 1940, with a diagnosis from another hospital of acute perirectal 
abscess, multiple fistulae, stricture of the rectum, and a lectovaginal fistula The Frei 
test was reported as positive from this other hospital 

Her illness dated back five years The onset of the stricture began with small fecal 
movements that were very difficult and painful Shortly thereafter she de\ eloped an 
abscess about the lectum which ruptuied spontaneously This was followed by profuse 
purulent discharge and fistula foimation 

Five weeks befoie admission she consulted a physician who advised and carried out 
operation for the fistula Thereafter she began to discharge pus and fecal matter from 
the vagina, while there vas considerable bleeding from the lectum For the succeeding 
four weeks she was tieated by daily irrigations and packing She was then advised 
that nothing furthei could be done for her condition 

Examination on admission revealed to the left of the anus an indurated sinus tract 
discharging pus profusely, and leading high up into the hollow of the sacrum Theie 
seemed to be no discharge coming from the lectum The entire perianal region was 
indurated, tender and swollen On rectal examination an inflamed anal stricture barely 
admitted the tip of the index finger three inches from the anal margin 

Vaginal examination disclosed no evidence of rectovaginal fistula but an extensive, 
hard tender mass could be palpated through the posterior vaginal wall Laboratorj data , 
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2,200,000 red blood cells, 18,000 white blood cells, 92 per cent poljs Blood \Vasscrmann 
negative Frei test positive 

During the succeeding three iveeks under observation the patient ran a persistent, 
intermittent type of temperature with a daily maximum of i04°-io6° F, and she became 
quite toxic The abscess about the rectum continued to dram through the vagina 
Vaginal examination showed the jielvis to be negative, but she continued to have the 
extensive perirectal mass Conservatne treatment in the form of transfusions, glucose, 
sulfanilamide, cic , were carried out without demonstrable improvement In view of the 
progressive toxemia, it w'as deeided that some surgical attack should be attempted 
Accordingly, on February 2, 1940, a proximal short-circuit of the bowel w'as effected 
by means of a Devine colostomy at the level of the hepatic flexure The general and 
local condition improved markedly The patient was discharged one month after opera- 
tion, with instructions for dailj irrigation of the distal isolated loop 

On readmission, the diagnosis of stricture w'as unchanged, but the discharge from 
the fistula had decreased, and the perirectal abscess had improved to some degree On 
May II, 1940, the following procedure was carried out 

A curved transverse incision was made from one ischial tuberosity to the other, with 
Its concavity tow'ard the rectum Dissection w'as carried upwards through the perineum 
between the rectum and vagina until the cul-de-sac of Douglas w'as encountered The 
peritoneal cavity w'as opened so that an unmvoKcd segment of bow'el could be secured 
and the bowel was sectioned high up Ihe distal segment was freed down to a point 
proximal to the external sphincter where it was again sectioned and the involved segment 
with stricture and thick-w'alled rectum removed The proximal cut-end of uninvolved 
bowel W'as then brought through the external sphincter, which had previously been denuded 
of its mucous membrane, after the Whitehead method, and sutured to the skin edges 
The w'ound w'as closed ivitli drains in either angle of transverse wound 

A satisfactory recovery was obtained, and one month after the above resection the 
spur of the Devine colostomy was crushed and the fecal current reestablished 

In the meantime rectal dilatation had been carried out at regular intervals and the 
Devine stoma was subsequently closed, under local anesthesia Her present status is that 
colostomy wound and perineal wounds are both w'cll healed There is no rectal stricture 
or fistula, no recurrence of granulomatous process, and bowel movements arc normal 
and well controlled 

This operation was originally described by Pochet, m France, and has been carried 
out successfully in this countrj by Dr Louis Wright at Harlem Hospital 

Dr Ralph Colp (New York} stressed the fact that lymphogranuloma 
venereum is becoming a real problem m the New York area because of the 
great increase in the Porto Rican and Negro population It is a serious, 
progressive, debilitating type of disease which leads to chronic invalidism, 
and the treatment of which should be based fundamentally upon its pathology' 
It IS probably due to a filtrable virus While it might start in the rectum 
as a local lesion follow'ing pederasty, this is not the usual path by which the 
rectum and sigmoid are involved It invariably involves the nodes of the 
femoral and iliac region w'lth a cicatn/ation of the endopelvic fascia which 
results in lymph stases, producing an edema of the mucous membrane of the 
rectum This, abetted by the passage of the fecal content, causes a progressive 
ulceration of the mucous membrane w-ith a seropurulent discharge, ending 
eventually m stenosis of the rectum When these lesions begin, they should 
be treated energetically by medical means, and some good results have been 
obtained from chemotherapy and the injection of the Frei antigen However, 
if the disease shows a tendency to progress, surgery should be resorted to’ 
As Doctor Patterson has stated, dilatation of the strictures is of little avail 
In Doctor Colp’s experience, the results follow mg the removal of the fibrous 
connective tissue about the rectum, from a posterior sacral approach have 
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not been successful Beanng the pathology in mind, tiie ideal procedure 
would be an excision of the diseased area of rectum and i ectosigmoid, to- 
gethei with the nodes which were reall)^ responsible foi the lesion In 1925, 
Villard and Rickard lecommended an abdomino-endo-anal resection of the 
rectum and rectosigmoid for carcinoma, mobilizing the sigmoid, and reim- 
planting it through the anal sphincters In selected cases, this piocedure, 
which entails a high mortaht}'^, has been employed a great deal for granuloma 
venereum in South America Doctoi Colp said he had emplo)'^ed it twice, 
with an excellent functional result m one case and a pool lesult in the othei 
These cases were operated upon three yeais ago and both are well and have 
had no signs of a leciuience of their disease A more logical procedure is 
that advocated by Kindall and Edwaids who, in 1923, advised a loop- 
colostomy which will divert fecal content, followed by a perineal resection of 
the diseased lectum and sigmoid The leason that this piocedure is a good 
one IS that it removes the actual diseased node, and the diseased area of the 
bowel Doctor Colp could not agree with Doctor Pattei son that loop-colostomy 
pel se may be followed by an extension of the disease m the proximal bowel 
This disease piobably does not spread by continuit}'-, but the ulcerations of 
the mucous membrane are secondary to lymph node involvement Theie are 
cases, however, which, because of extensive fistuhzation of the peiineum, will 
not tolerate resection, and it is in this type of case that the pioceduie con- 
tributed by Doctor Patterson is especially indicated The “stripping” opera- 
tion rids the patient of an annoying discharge and makes his life fairl}'^ com- 
fortable Whether these patients will have a furthei extension of the disease, 
only time will tell The idea is well-conceived as a palliative procedure and 
should ceitainly be tried in those cases which are truly mopeiable from the 
standpoint of a loop-colostomy and perineal lesection 

Dr W Howard Barber (New York) said that obseivations made upon 
the Thud Division at Bellevue Hos2>ital coiiesj^ond m most lespects with 
those of Doctor Patterson Theie is a deciease in the total numbei of rectal 
lymphogranulomata admitted on the Surgical wards This is probably due 
to more effective medical tieatment of the constitutional aspects of lympho- 
granuloma veneieum A small proportion of these lefiactory cases continue 
to resist all forms of nonsuigical theiapy and develop lectal stenoses and 
strictures, ulcerative proctocolitis, and extensive legional lymphadenitis If 
these cases are not aiiested by suigical means they terminate fatally by in- 
testinal obstruction, iwofound toxemia and asthenia, peiforation of the colon 
and peritonitis, or metastases and septicemia The means of pi ogression from 
the most frequent pi imary venei eal sore is by the lymphatics to the rectal and 
peiirectal tissues, to the regional nodes of the lectum and sigmoid, and in the 
extreme cases to the pieaoitic lymphatics and to the nodes behind the trans- 
verse mesocolon In rare instances the virus appears to be cairied by the 
venous blood, particulaily through the supeiioi hemoirhoidal and inferior 
mesenteric vessels, to the poital vein and liver The gi anulomatous process 
may extend directly along the bowel wall but laiely above the splenic flexure, 
and the manner of such extension is not clear The i^rogiession maj' be 
through the lymphatics of the bowel wall and the ulceiative colitis due to a 
secondary infection In view of these observations the paramount indications 
for surgeiy are taken to be (i) Relief of intestinal obstiuction, (2) abla- 
tion of the chief pathologic site of the disease, and (3) interruption of the 
spread of the disease within the abdomen These are thought best met by 
(l) An abdominal colostoni} , and (2) sacropermeal resection of the recto- 
sigmoid together with the involved pararectal and presacral lymphatics The 
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lesults of this piogiam in oui ^^alds have been followed by a stnking im- 
plo^emcnt m the \\eiglit and well-being of the cases opeiated upon and a 
moitaht} oi 143 pei cent foi the fiist 35 lesections 

Doctoi Patteison has piesented a veiy niteicstmg thesis on the stiipping 
of the mucosa fiom the 1 cctosigmoid and lesection of the anoiectum, following 
a pieliminaiy abdominal colostomy This is applicable in those cases wheiem 
the mucosal lining is not too involved to be sepaiated fiom the lemammg 
lectal wall and above the stiictiire Excision of the remaining stenosed 
lectuin and anus eliminates a considerable poition of the most diseased tissues 

Doctoi Moms’ case of lectal lesection wnth pieseivation of the anal 
sphmctei foi contiol of a peimea! colostomy has been well executed by him 
Such pioceduies have been leported by Colp and otheis wnth vaiying success 
Oui expel lences wnth anal plastics have led us to avoid them In the interest 
of moie complete eiadication of the diseased bow'el w^e piefei to produce sacial 
colostomies wdieie it is possible 01 desiiable 

Dr Rossel H Paiterson (New^ Yoik) said, m conclusion, that the 
patient had had his colostom}' m 1932 The mucosal-stiipping operation w^as 
performed in 1934 It has now^ been six years and the patient has gamed 30 
pounds m weight and is up and about at his business eveiy day One case 
shown tonight had the mucosal-sti ipping piocednie earned out only a few 
wrecks ago The case w'as presented to demonstrate how the healing process 
takes place The second patient had the mucosal-stiippmg pioceclure earned 
out one yeai ago She has had no symptoms 01 signs of a recurrence of hei 
ti ouble 

In 1 espouse to Doctoi Colp’s mention of the mode of acquisition of the 
anoiectal type of this disease, Doctor Patteison said he had purposely avoided 
this conti ovei sial phase of the subject Theie aie two mam schools of thought 
as to mode of acquisition One school believes that the vnus comes in con- 
tact with the mucous membianes of the genitalia and spreads to the inguinal 
nodes and eventually to the pelvic nodes and the pern ectal tissues The other 
school believes that the virus is deposited dn ectly on the rectal mucous mem- 
brane, as the lesult of pedeiasty, an acute proctitis lesults, and eventuall}'^ a 
stnctuie of the lectum Doctor Patteison said he leaned towaid the belief 
of the latter school Doctor Arthur Grace of the New York Hospital, in ex- 
amining some 200 cases, obtained a positive histoiy of pederasty from 80 per 
cent of the male patients 

Doctoi Patteison expressed the opinion that the pioceduie described by 
Doctoi Moms m the case he showed is excellent for rectal strictures that 
are uncomplicated by sinuses and infection Doctoi Patterson said he had 
been encouraged in the one case upon whom he had operated in a similar 
w^ay Simple colostomy does help a great many of these patients However. 
Doctoi Patterson felt more 1 adical surgei y is needed m the severe cases such 
as those described in his paper 
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ENDOMETRIOSIS— ITS SIGNIFICANCE ’ 

Joe Vincent Meigs, M D 
Boston, Mass 

FROM THE GT^FCOIOGIC SERMCE OF THE MAPS^CHUSI TTS GFNFRAL H051 ITAL BOSTON, MASS 

In August, 1938, in an ediloiial,^ attention was drawn to the fact that 
endometiiosis was inci easing in frequency and that there was piobably some 
reason for it It was felt that the increase might be due to delayed mariiages 
and to lack of early and frequent child-bearing, and suggested that the eco- 
nomic difficulties of the day were responsible for the increased fiequency 

Since that writing, all cases in my private pi actice have been very carefully 
explored, and any piece of tissue suggestive of endometriosis has been excised 
and fixed in Zenkei’s solution befoie the lemoval of any organ was begun 
Probably, the fact that pieces of tissue have been sepaiately removed and 
pieserved, is partly lesponsible for the finding of inci eased numbeis of this 
lesion It IS also piobable that because of the great increase in total hysterec- 
tomies, with a wide exposure of the posterior cul-de-sac and the uterosacral 
ligaments, more small postei lor lesions have been found The high percentage 
of positive microscopic findings and the gieatei peicentage of gioss findings 
have led to the conclusion that endometriosis is brought about by a physiologic 
response to peisistent and uninterrupted menstiuation Something (estrin^) 
stimulates the celomic epithelium and this stimulation causes the epithelium 
to attempt to produce small areas of endometrial tissue, endosalpingial tissue, 
or even endocervical tissue So great is the concein about this lesion and its 
frequency, with its definite lowering of fertility, that patients with stigma of 
lowered fertility are urged to marry and bear children early Noimal giils 
over 23 are urged to have a child as soon as possible after mariiage Many 
men and women cannot afford to be bui dened with childi en immediately after 
marriage , but as youth is the propei time to have children it is right that 
they be urged to do so Dr Thomas R Goethals, of Boston, found that 111 75 
per cent of 200 piivate piimipaiae the average age at the birth of the fiist 
child was 28 years All this fits into the theoiy that an apparent increase in 
this entity is due to the economic difficulties of our times Sampson,'^ m 1924, 
reported 64 instances in 296 celiotomies, or 21 6 pei cent, and, in 1925,® 98 out 
of 332, or 29 5 per cent — a total of 162 out of 628, or 25 7 per cent 
These statistics of Doctoi Sampson are high , but it must be remembei ed 
that at that time, because of his work with endometriosis, patients from every- 
where, who were suspected of having the disease, weie being sent to him 
This, I believe, has something to do with the figuies presented The cases 
described m this article were sent because of varied pelvic pathology, and 
none were suspected of having endometriosis 

* Read before the American Surgical Association, White Sulphur Springs, W Va , 
April 28-30, 1 941 
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Definition — Theie aie two mam t3^pes of ectopic endometiium In one, 
and this does not figuie m this communication, the endometiium is found 
glowing down fiom the endometiium into the myometiium It may invade 
the myometiium veiy deeply, but usually is made up of a few glands growing 
away fiom the noimal lining of the uteius, occasionally the growth penetrates 
the entiie uteius, and may even invade incidental fibioids that are present 
This lesion is known as adenomyoma oi adenomyosis 

The second type, and the one that is being discussed heie, is made up of 
aieas of ectopic endometrium, eithei in the ovaiy, tube, pelvic peiitoneum, 
on the front of the uteius, oi m the uteiosacial ligament, etc The lesion may 
be widespread and the whole pelvis bound dowai by adhesions, or there may 
be a spot no laiger than the head of a pm The area may be blue, black, or 
puiple, or there may simply he a puckei in the otherwnse smooth pelvic peii- 
toneum Sections of this tissue wnll show glands similai to eiidometiial 
glands and a stioma similar to endometrial stioma This tissue may lespond 
to the stimulation of estiin to pioduce the giowth phase, or to piogestm to 
pioduce the secretoiy phase, or to piegnancy to pioduce decidua m the 
stroma, hut just as the basal layei of the noimal endometiium does not leact 
to any ovaiian stimulus, so also this tumor may not Howevei, enough cases 
have been seen that respond to ovarian stimulation, and that aie so veiy like 
endometiium in microscopic appearance, that it is fan to assume that they 
aie one and the same thing I doubt if anyone questions, now, that the 
endometrium of endometriosis is not similar to noimal uteime endometrium 

Theoiies for Development — Cullen,^ long ago, showed that the first type 
of endometrioma, the adenomyoma, is a dowm-giowdh fiom the endometrium, 
and that the glands aie often connected wnth the endometiium In a senes 
published^ fiom the Massachusetts Geneial Hospital, in 1934, it w^as definitely 
shown that this lesion w^as more fiequently present in wmmen who had had 
multiple pregnancies This is due, peihaps, to the giowth and involution of 
the uterus and the activity of the endometrium as it passes through numerous 
pregnancies Perhaps small pieces of tissue aie caught in the myometiium 
wdien the changes take place 

Sampson postulated the idea that endometiiosis is due to twm possibilities 
One, that the endometiium duiing a normal menstrual peiiod may be swept in 
a backw'^ard diiection and flow into the peiitoneal cavity and attach itself and 
glow upon 01 into any pelvic oigan, two, that an ovaiian endometrioma may 
menstruate, sw^ell, and ruptuie, and m rupturing spiead endometrium that is 
viable into the pelvis, 01 itself become attached to the peiitoneum and giow^ 
and invade it This study cannot refute this theoiy, noi does it attempt to do 
so In neaily every one of our cases the tubes w^ei e patent — a proof that reflux 
could take place All of us have seen reflux bleeding during a peiiod The 
many 3^ears of unmteiiupted mensti nation in these cases wmuld seem to give 
gi eater chances for the endometrium to flow thiough and giow^ If, how^ever, 
the menstrual flow is due to sloughing off of tissue that has become anoxemic 
(a cuiient theoiy of menstruation) I think that it is unlikely that the tissue 
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that comes through the tube ^\ould be viable Natuie ceitamly did not intend 
that leflux bleeding should be lesponsible foi the giowth of invasive tissue in 
the pelvis Mensti nation itself may be a kind of abnormality, foi it occurs only 
infrequently in monkeys in then natuial habitat 

The theory of lymphatic extension, that is metastasis of eiidonietiium 
through the lymphatics, piobahly is not the coiiect method of its spread 
Howevei, many veiy able men believe in this tlieoiy 

Iwanoff and Meyer'* have pioposed that inasmuch as the plcvic peritoneum 
IS the celomic epithelium, and as the celomic epithelium is the oiiginal souice 
of the endoceivix, endosalpmx and endometiium, this tissue may still contain 
gioups of viable embryonic cells, and undei certain conditions they may grow, 
and m growing leproduce what they produced in the embiyo It is thus pos- 
sible that just as the endometiium and endosalpmx and endoceivix lespond to 
estrin and progestin by giowth and function tlie pelvic peiitoneum (celomic 
epithelium) may grow and pioduce if the stimulation is constant and not in- 
teirupted, as it should be, by piegnancy Interruption of the menstrual cycle 
by piegnancy is a physiologic change in women When it is lealized that the 
frequency of endometiiosis m patients with stigma of undei development is 
twice as great as in those without it, this theoiy is even moie tenable, foi pa- 
tients wuth undei development may ha\ e moi e left-over cells If pi egnancy is 
a check upon the development of endometiiosis, and I believe it is, wdiat is 
theie in pregnant w^omen that checks the celomic epithelium from growung^ 
Certainly estiin and progestin are pioduced in gi eater quantities during the 
pregnant than in the nonpiegnant state This noimal physiologic process, al- 
though pel haps not pi eventing it, must have something to do wuth avoiding 
endometiiosis It is piobable that this theoiy is the coriect one. namely, that 
epithelium which originally giew' endometiium can, undei ceitain abnoimal 
conditions, again produce cells capable of becoming endometrial tissue 

Synipfoiw;, Diagiwsis, and Ticaiment — These have been desciibed so 
many times that this paiagiaph w'lll be biief The symptom occunng most 
frequently is that of accpiiied dysmenorrhea, wdiich is usually accompanied by 
a change (inciease m the amount) of the mensti ual flow' The physical diag- 
nosis IS not difficult in a patient ovei 29 yeai s of age, wdio pi esents symptoms 
of pelvic inflammation, wdio has had no chilchen, and wdio, on vaginal or lectal 
examination has a moderately fixed pelvis with a lough 01 shotty feeling in 
the posterior cul-de-sac Such findings ma)' be inteipieted as the lesult of en- 
dometriosis The tieatment may be ladical 01 consei vative, depending upon 
the age of the patient, the extent of the disease and the patient’s desire foi 
children Occasionally, bilateial oophoiectomy wall be necessaiy Roentgen 
therapy destroys ovaiian function, and this is follow'ed by atiophy of the en- 
dometiiosis as w'ell as atrophy of the noimal endometiium Theiefoie, one 
can be consei vative when it is deemed best In oldei w'omen, ladical suigeiy 
is best if it can be undei taken without dangei to the life of the patient 
This tumoi can be very difficult to lemove, and injuiy to the lectum, blad- 
dei uterus, 01 intestines can occui At opeiation, it is fieqiiently noticed 
that the uteiiis is flexed backwaid upon itself, the fundus and ceivix being 
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attached to one anothei, the uteiosacial ligaments aie obhteiated, and the 
posteiioi cul-de-sac diawn up on hack of the bent uteius This must be lecog- 
nized duimg opeiation as peifoiations ol the icctum oi incomplete surgeiy 
may otheiwise lesult When the uteius is stiaightened out and the cul-de-sac 
fieed, a ^ely ^\lde, law aiea will be found on the posteiioi wall of the uterus 
and in the cul-de-sac of Douglas This is definite evidence of abnoimal 
development and endometiiosis is often lecovered fiom these aieas The 
uteiosacial ligaments may be missing following lelease of the uterus and 
cul-de-sac 

Inc) eased Fiequency — The inci eased fiequency may be actual, oi it may 
be due to moie caieful obseivation and bettei exposuie of the cul-de-sac and 
uteiosacial ligaments But theie is piobably moie to it than that, for duiing 
my appi enticeship with the late Dis W P Giaves and G W W Brewster, 
from 1921 to 1927, search was made foi these lesions because of the great 
inteiest aioused by Doctoi Sampson’s observations Yet not a gieat number 
of lesions ivere found That is piobably because tbe patients opeiated upon, 
then, were maiiied eailiei and hoie childien eailiei than those who have been 
opeiated upon duiing the last foui to five years It is piobably true that our 
motheis and giandmotheis maiiied eaily and had many childien, and that they 
raiely had this abnoimal physiologic process There is no doubt that great 
interest stimulates moie caieful seaich The habit of placing sutures about 
the areas, or placing safety-pins undei them, oi even excising the areas has 
been developed In the eaily cases in this group, iiumeious aieas of endome- 
triosis weie missed in the laboiatoiy, foi a blood-covei ed uterus is not the 
easiest place to find the fine, blue to puiphsh spots that represent this giowth 
Doctoi Tiacy B Malloiy, the Pathologist at the Massachusetts General Hos- 
pital, has admitted that my diagnosis, m the gross is probably as coirect as 
his by mici oscope , and if that is so, then the numbei is even gi eatei than the 
histologic findings would indicate I have been a student of this lesion since 
Doctoi Sampson fiist diew attention to it, and I have woiked and puzzled 
about it for yeais 

I believe that the theory of Inanoff and iMeyei is the coirect one and that 
the great frequency of endometriosis, as repoited in this communication, is 
due to careful obseivation and the lemoval of pieces of tissue, but that tbe real 
reason for tbe frequency is that endometi lomata aie not tuniois but represent 
abnoimal physiology due to late maiiiage and delayed and infrequent child- 
beaiing The lattei is due to the econoniic times we live m, and my plea is 
that patients nith apparent infeitility evidences of underdevelopment, and 
older gn Is about to be man led, be taught how to become pi egnant and not how 
to avoid pregnancy even though their finances aie limited The monkey mates 
as soon as she becomes of age, and has oftspi mg until she can no longer have 
any or until she dies IMensti nation in this animal must be rare As w^oinen 
have the same physiolog}^ it must be w rong to put off child-beai mg until 14 
to 20 yeais ot inenstiual life have passed During a prolonged, uninterrupted 
menstiual caieer changes in the celomic epithelium from whence the endo- 
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metrmm originally came must take place Enclometriomata are not true 
tumois but aie aieas of growth clue to abnormal physiology Anotbei impor- 
tant finding IS the compaiison of piivate patients, most of them fairly well- 
to-do, to a sunilai gioup of patients at the Massachusetts Geneial Hospital 
The hospital patients are of that social status that mairies early and has chil- 
dien fiequently, and in this gioup theie aie fewer cases of endometiiosis 
Their more normal functions aie reflected in the small incidence of endo- 
meti losis 


Tablc I 


Abdominal gynecologic operations 
Histologic endometriosis 
Gross endometriosis 

Abdominal gynecologic operations 
E-'cludmg cases past the menopause 
Histologic endometriosis 
Gross endometriosis 


PRIVATE 


400 Abdominal Gynecological Op 
erotions 



1 +^ 


Endometriosis histologicaHy— 20 4 
grossly — 36% 


Pm ate M G H 

400 400 
112-28% 23-S 8%. 

144-36% 33-8 3% 


3S7 348 

IoS-30 2% I9-S 4% 

I3P-38 0 % 28-8% 




Endometriosis histologicoUy —56% 
grossly — 0 3 % 


Coses Past the Menopouse 


Coses Post the Menopouse 


357 Abdommol Gynecological Operot- 
ions 





Endometriosis histologically -302V 
grossly — 38 9 



Diagrammatic representation of Table I 


The Mafeual — ^The last 400 consecutive abdominal gynecologic opera- 
tions in my private practice were analyzed very carefully, and certain impoitant 
findings noted Foui hundred consecutive patients who had had abdominal 
gjuiecologic operations at the Massachusetts General Hospital weie studied to 
find the peicentage of endometriosis to compare with the private group In 
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the gi oup of patients who came to my office, and ere operated upon by me, 
1 12, or 28 pel cent, showed micioscopic evidence of endometriosis, as against 
58 per cent m the Massachusetts Geneial Hospital gioup The number of 
patients who weie considered, giossly, to have endometriosis at opeiation was 
144, or 36 pel cent (Table I) 

These patients were not, m many instances, suspected of having endometrio- 
sis before opeiation, and m many instances the endometrioma consisted of a 
very small isolated aiea The point is, however, that they had what we un- 
dei stand as endometriosis, and it might easily have grown laiger if let alone 
The piocess was there, though not giving any symptoms 

A compaiison was then made between the endometiiosis gioup and the 
lest of the 400 who did not have endometiiosis In the endometriosis gioup, 
74 I per cent wei e mai 1 led, and of the othei s, 74 3 per cent wei e man led 
In the endometriosis group, 53 i pei cent were over 25 wdien mariied, and m 
the other gioup, 57 3 pei cent These statistics aie, so fai, all neaily identical 
But the fertility m the endometiiosis gioup w^as 657 pei cent, while in the 
othei gioup It w^as 83 3 per cent (Table II) This latter figure for feitihty is 

Table II 

400 ABDOMINAL CiNECOLOGIC OPERATIONS (PRIVATE) 



Endometriosis 

No Endometriosis 

Mamed 

74 1% 

74 3 % 

2 S years of age or over at marriage 

S 3 1% 

57 3 % 

Two children or less 

73 4 % 

49 3 % 

Fertility of married group 

6S 7 % 

83 3 % 

Stigma of underdevelopment 

27 6% 

15 % 

Marriage to first pregnancy over two years 

Age at first pregnancy 25 or over 

Age at onset of symptoms over 27 years 

Menarche to endometriosis 17 or more years 

Number of years from menarche to first pregnancy 

1 1 or more years 

Age of patients with endometriosis over 29 years 

69% 

63 4 % 

108 cases 

105 cases 

73% 

All but one 

66 6% 


too low'-, but this IS not unexpected, as most of the patients w'ei e operated upon 
for fibroids, cancer, bleeding, ovai lan tumors, etc , so that they also must 
have a lowered fertility Reynolds and Macombei m their hook on Feitihty 
and Sterility, give 88 per cent as normal feitihty m the mairied Congenital 
erosions (exposure of the endoceivix), very painful breasts, narrow' pelvis, 
severe d5'smenorrhea, juvenile uteri (measured), and mfiequent peiiods w'ere 
considered as stigma of undei development The endometi losis group had 27 6 
per cent of patients with evidences of undei development, wdiile 111 the other 
gioup there w'ere but 1 5 pei cent The endometriosis gioup, therefore, showed 
nearly twnce as many patients wnth underdevelopment Seventy-three and 
four-tenths pei cent of the patients wnth endometriosis had tw'o or less chil- 
dren, w hereas in the othei gi oup 50 7 per cent had ovei twm children Sixty- 
nine per cent of the endometiiosis gioup did not have the fiist child until two 
01 moie years after mariiage, and of the othei group 66 6 pei cent did not 
Othei statistics of mteiest aie as follow's Foi the gioup w'lth endometriosis, 
the age at the first piegnancy w'as 25 01 over in ovei 63 4 per cent, the age of 
the onset of symptoms w'as ovei 27 in 108 of 112 patients The age of patients 
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with endometi losis, when it was found, was over 29, in all but one patient The 
number of years from the onset of periods to the finding of endometriosis was 
17 years or moie m 105 out of 112 patients In 57 4 per cent of the endome- 
triosis group theie was a change in the patient’s charactei istic menstrual flow 
The pieoperative diagnosis was made correctly m 41 per cent of patients 
Endometi losis was found in the ovary in 57 i per cent, on the peritoneal sui- 
face in 51 6 pei cent, and in 18 7 pei cent its location was the uteiosacial liga- 
ment In 32 I per cent of patients dysmenoi rhea was a complaint , 33 per cent 
complained of pain other than dysmenori hea , 23 per cent had urinary diffi- 
culty , and 28 6 per cent had bowel habit changes Thei e were 85 7 pei cent 
who had a radical operation, that is hysterectomy uith or without lemoval of 
the ovai les, and but 143 pei cent had conservative sui gei y Tin ee patients 
with conservative surgery had children following opeiation (Table IIE) 


Table III 

RefBOn of Endiometnosis 


Ovary 

S7 l9o 

Peritoneum 

St 6% 

Uterosacral ligament 

18 7% 

Operation 

Radical 

85 7% 

Conser\ ative 

14 3% 

Symptoms 

Dysmenorrhea 

32 1 % 

Pam other than dysmenorrhea 

33% 

Unnary symptoms 

23 2 % 

Change in catamenia 

57 4% 

Bon el symptoms 

28 6 % 


CONCLUSIONS 

( 1 ) Delayed man lage delayed and infi equent child-beai mg all conti ibute 
to an inci ease noted in endometriosis 

(2) Less well-to-do patients in a geneial hospital population have less 
endometi losis than patients in private piactice 

(3) Stigma of undei development means loweied fertility and greatei in- 
cidence of endometi losis 

(4) The celomic epithelium or pelvic peritoneum may be stimulated to 
produce endometi lOsis (Iwanoff and Meyer) 

(5) Modem economic tiends aie responsible foi delayed mairiage 

(6) Young man led couples should be uiged to have childien early, and 
practice conti aception aftei they have then families They should be taught 
how to have children, not to avoid them 

(7) Financial aid fiom parents in the earty years of maiiiage should be 
offered and welcomed when possible 

The significance of endometnosis is that it is a stigma of inf ei tility, and it 
is due to uninterrupted menstiual cycles, because of late mairiage and mfie- 
quent child-bearing Theiefoie, as it is increasing in private practice among 
those having children late m life and fe\\ in numbei, it is better for us, as 
doctors and fatheis to urge eaily mariiage and early and fi equent child- 
beai mg 
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Discussion — Dr James C Masson (Rochester, Minn) Doctor Meigs’ paper is 
on one of the subjects that are foremost m the minds of gynecologists at present, and 
theie IS no doubt that those who aie “endometnosis-minded” find this condition fre- 
quently, whereas the general surgeons, and those who are not especiallv interested in the 
subject, see it rather rarely I was impressed by the caiefully prepared and convincing 
statistics of the essajist Theie is no doubt that tbe condition is recognized more 
frequently than formerly, and the reason for this is probably that a real interest m the 
subject was stimulated bv Sampson’s paper about 20 years ago Since that time, opera- 
tions have become more frequent, especiallv more radical operations including total 
hysterectomy, and the moi e frequent examination of tissue removed has been, as suggested 
by Doctor Meigs, a factor in the more frequent recognition of the condition 

The possibility of delayed marriage, and of delayed cbild-bearing, has to be con- 
sidered, but in this connection I would like to note that 50 per cent of the patients in 
my series were mairied before they were 24 years of age I am sorry that I cannot 
give the dates when their first babies were born In one case, endometriosis was 
diagnosed one year after the onset of the menstrual periods 

In one case, I reported to this Society m 1935, when I presented a paper on this 
subject, the patient had rather extensive endometriosis in which the only serious lesion, 
I feel, was the one on the sigmoid It was a benign tumor, but might grow sufficient!) 
to cause obstruction Another very important condition in this case was an adenomyoma 
111 the rectovaginal septum The “endometnosis-mmded” surgeon frequently sees small 
implants m the cul-de-sac, on an ovary, or on the uterosacral ligaments Many of them, 
I think, never cause serious trouble and, unless the tubes are occluded, pregnancy is 
still possible 

It IS my impression that a great many of the smaller endometrial implants suggest, 
very strongly, Sampson’s idea of a reversal of the flow of the menstrual fluid I think 
a great many of them eventually disappear 1 want you to keep 111 mind this picture, 
and I will refer later to large, tairy cysts and endometrial tumois m ectopic positions 
I w'ant to draw' attention to the number of cases in w'hich endometriosis w'as located 
in the uterus in my senes In 482 of 576 cases encountered, the adenomyomata w'ere 
in the uterus A great many of these w'ere diffuse adenom)osis of the uterus, but there 
w'ere numerous implants on the visceral peritoneum In 14 cases, endometrial implants 
W'ere on the sigmoid, in 20 cases, 111 the rectovaginal septum and in 77 cases, in the 
ovar) Some w'ere huge, tarry c)sts In recent statistics, the number of large tumors 
01 cvsts remain about the same but there is a great increase in the smaller implants 
If persistent and uninterrupted menstrual periods have a marked influence on this 
condition, then I would think that a )Oungcr married woman w'ould have to have many 
childien to protect her until the time of her menopause If she had tw'o, three, or four 
children early, and then started contraceptive methods, she w'ould ha\ e a’ long period of 
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constant and uninterrupted menstrual periods and, if Doctoi Meigs’ theory is correct, 
endometriosis might develop later m life 

Doctor Meigs has made a strong case for the hormonal influence of estrm on the 
columnar epithelium, as suggested by Mejer In 1935, in speaking on this subject before 
this Society, I expressed the opinion that man> of the tumors which are similar, micro- 
scopically, may have different origins, and I still believe it Besides the stimulation of 
the columnar epithelium, I think the possibility of embryonic rests being stimulated m 
the same way and the occasional possibilitv of blood or lymph stream metastasis must 
be admitted I have seen cases of endometriosis m the abdominal wall , and one case 
of endometriosis in the lung, and one instance of endometriosis in an arm have been 
reported I think lesions of this type, which are microscopically similar to endometrium, 
could only reach such sites bv way of the blood or Ijmph stream 

Doctor Sampson’s theory seems reasonable and possible, especiallv m these multiple, 
small lesions which are scattered through the pelvis I think it accounts for many of 
the ovarian implantations It seems possible that the ovarj is verj susceptible, especially 
111 an area where there is recent corpus luteum, and that an endometrial cell, becoming 
implanted there, will grow rapidlj and produce tarry cysts The tarry cyst ruptures 
and spreads endometrial tissue throughout the pelvis Cullen’s theory of direct extension 
V *is also possible in many cases 

I believe many smaller areas never grow, and probablj are destrojed or absorbed 
by the peritoneum 

Doctor Meigs referred to underdevelopment I have not paid attention to the etio- 
logic factor he mentioned, as much as I should, but in cases of congenital anomalies of 
the pelvic organs, including absence of the uterus, with normal ovaries and normal 
internal secretion, I have not seen a case of endometriosis, m spite of the fact that some 
of these patients have been married several jears 

Doctor Meigs has covered the diagnosis and symptoms, and there is no doubt that 
“endometriosis-mmded” surgeons make a preoperative diagnosis m a large number of 
cases, and, at operation, suspected tissues are removed and examined more routinely by 
competent pathologists 

None of us, including Doctor Meigs, recognized mam cases 20 years ago, but Doctor 
Sampson, m Albany, was finding endometriosis m more than 20 per cent of the cases in 
which he performed abdominal 01 pelvic operations as long ago as that As Doctor 
Meigs suggested, it is possible he was seeing selected cases, but the incidence of endo- 
metriosis in his cases seems large compared to the incidence in most of our cases Many 
of us, I am sure, do not remove or record many pm-head-size areas of discolored peri- 
toneum when operating for some other major pathologic condition 

Among younger women, when it seems advisable to pei form conservative operations, 
I believe it is advisable to cut the presacral nerve at the time of pelvic surgery in order 
to relieve dysmenorrhea, which is often a major complaint 

No group of benign gynecologic conditions causes me more concern than advanced 
and extensive endometriosis among young women In lecent years, I have been more 
conservative than formerlj , especially with the use of roentgen or radium irradiation 
Now, I believe, the patient’s best interests are being served b> saving some ovarian tissue, 
in spite of the risk that a second operation may have to be performed or menopausal 
dose of radium or roentgen irradiation admimsteied at a later date 

Dr Joe Vincent Meigs (Boston, Mass closing) I would like to add just one or 
two things Not all cjsts with chocolate fluid in them are endometriomata The diag- 
nosis must be made histologically before it can be accepted, and a great manj’^ of these 
cjsts are not true endometriomata 

If children are born when a patient is young, and there is, thereafter, a long unin- 
terrupted series of periods, fibroids are likely to occur as well as other benign pelvic 
growths I do not think there is any question about it 

The percentage of endometriosis will increase m relation to the number of small 
suspected areas that are removed before the surgery begins, and put m solution for the 
pathologist to examine 

The most important deduction from the paper is that, if 36 per cent of 400 patients 
have endometriosis, it must indicate that endometriomata arc not true tumors at all 
They must represent abnormal physiology 
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The INCIDENCE of inti a-abdominal heinia, tieated surgically, is extiemely 
low, as IS shown by the fact that from 1910 to 1939, inclusive, only 39 
instances of such a condition have been encountered at the Mayo Clinic 
The occuiience of this condition, although raie, is much greatei than this 
figure would suggest, for the majoiity of intra-abdominal herniae exist 
without producing symptoms and are discovered only at postmoitem exami- 
nation Inasmuch as an mti a- abdominal hernia may be an asymptomatic 
complication which is found incidentally duiing an opeiation for some other 
condition or which may be found to be the causative factor of some type 
of intestinal obstruction 01 the exciting influence for vague abdominal dis- 
tiess, pain or tumor, a review of oui cases seemed justifiable 

Heiniae that protiude, not through defects m the walls of the abdomen, 
but into an abdominal pouch 01 opening of the peritoneum, may be con- 
sidered to be “inti a-abdominal” 01 “internal herniae ” These may be 
piimary, a direct lesult of some congenital defect, secondary 01 postoperative 
sequelae, or referable to tiauma 01 inflammation not the lesult of an opera- 
tion Thus, they include (i) Those which occui in noimal pockets, such as 
the foramen of Winslow, pai aduodenal, paracecal, and mtei sigmoidal fossae, 
(2) those occurring in exaggeiations of noimal mesenteiic folds, such as 
those 111 the broad ligament, (3) those lesulting fiom tiaumatic or operative 
bands 01 adhesions, (4) those lesulting from chronic inflammation, and 
(5) those which occur m anatomic defects 

A classification of inteinal herniae is difficult, but foi the benefit of 
organization and presentation we have divided our cases into four groups 
(i) Postopeiative, 19, (2) pai aduodenal, eight, (3) malfoimations, eight, 
(4) miscellaneous, foui Each group will be subdivided and discussed m 
some detail 

Gencial Coimdej afions — ^In general, of the 39 cases, 21 (54 per cent) 
have been consideied to be secondaiy, and 18 (46 per cent) piimary In 20 
instances the hernia developed secondarily, previous to pei formance of some 
suigical piocedure 
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The symptoms presented by the hermae weie, foi the most pait, vaiying 
degiees of intestinal obstinction In 29 cases (74 pei cent) the heinia 
nas considcied to he pioducmg symptoms, and m 10 cases (2^ pei cent) 
no symptoms \\eie caused In the 10 cases in tins lattei group the heinid 
was an incidental obseivation at the time of opeiation foi some othei con- 
dition The symptoms, for the most pait, were vague and not charactei istic 
A pieopeiative diagnosis seldom was made Some degiee of obstiuction 
of the small intestine was piesent in 28 (71 pei cent) of the cases In 19 
cases (48 per cent) the onset was marked with acute obstruction of the 
small intestine When obstiuction was not piesent, pain 01 the piesence 
of a tumoi was the factoi which piompted suigical inteivention In eveiy 
case levieiied, opeiation was peifoimed 

Posfopct aiwe Hc}nia — Intra-abdominal henna, as a postopei ative com- 
plication, may be immediate 01 delaj'^ed As a lesult of several factoi s 
potential inteinal heiniae aie likely to afflict patients following peifoimance 
of a suigical pioceduie Failuie of the tiansveise mesocolon to lemain at- 
tached to the stomach following posteiioi gastio-entei ostomy may result 111 
an aperture thiough which a loop of small intestine may slip into the lesser 
peiitoneal sac and cause obstiuction Adhesive bands lesultmg from in- 
flammation can foi 111 the opening thiough which the bowel may heiniate 
These occui 11101 e commonly following vaiioiis pelvic opeiations and sec- 
ondary to operations foi luptuied appendix Twenty such cases aie included 
m oui series 

Hei Illation of the small intestine thiough the tiansveise poition of the 
mesocolon into the lessei pei itoneal cavity evidently as an occasional occur- 
rence early 111 the histoiy of gastro-entei ostomy Hernia of the small 
intestine thiough a congenital opening in the transveise pait of the mesocolon 
has been lepoited, but is exceptionally laie When this condition occui s 
It can be lecognized easily at opeiation and piesents little difficulty m treat- 
ment When a hei iiia is found in the lesser peritoneal cavity and the foramen 
of Wmsloii is patent, an opening should be looked for in the tiansverse part 
of the mesocolon Since suigeons, appieciatmg the iisks invoHed, have 
been incieasingly caieful to close the edges of the openings in the transverse 
pait of the mesocolon aiound the stomach and jejunum, herniation into 
the lessei peiitoneal sac has become infrequent Although the majoiity of 
inteinal hermae occui 1 mg secondaiily to gasti o-entei ostomy hai^e occurred 
because a portion of the small intestine slipped through the artificial opening 
m the tians\eise pait of the mesocolon, a few othei types of heiniation 
have OCCUI led In these few, the intestine slipped behind the loop of jejunum 
which IS foimed by every anastomosis, whethei it is antecolic or letrocolic 
Aftei performance of posterior gash o-enterostomy, the proximal loop of jeju- 
num IS attached at two points, namely, the duodenojejunal junction, and 
the stoma This foi ms an aitificial foi amen bounded posteriorly by the 
peritoneum ovei the vertebral column, superiorly b)"^ the transveise part 
of the mesocolon and stomach, and anteriorly and infenoily by the jejunum 
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This f 01 amen can be avoided by sboitening the pioximal loop employed in 
pel forming gasti o-entei ostomy and by sutuimg the margins of the opening 
together, utilizing the jejunum and tiansveise poition of the mesocolon 
In spite of the fact that these vaiious openings aie closed at the time of 
opeiation, herniae have developed in a ceitain numbei of patients This 
occuirence may be lefeiable to some eiior m technic in the closuie, oi to 
inflammation, lapid absoiption of the sutuie mateiial used, oi subsequent 
ti auma 

Theie neie ten cases in this senes in which an mteinal heinia developed 
secondary to peifoimance of gasti o-entei ostomy In eight instances, posterioi 
gasti o-entei ostomy, and m two, anteiioi gastro-entei ostomy, had been per- 
foimed In six instances, the henna occuned through the tiansverse pait 
of the mesocolon The bowel was hei mated behind the pioximal limb of 
jejunum in the letiocohc position in two instances, and in the lemainmg 
two. It was hei mated behind the jejunum in its antecolic position In two 
cases, the symptoms necessitated suigical tieatment within one week aftei 
peifoimance of gasti o-enterostomy, wheieas in the lemaming eight cases a 
period of fiom thiee to eight yeais had elapsed fiom the time of peifoimance 
of gastro-entei ostomy to the secondaiy opeiation In thiee instances, the 
symptoms weie classed as “acute intestinal obstiuction” and in seven cases, 
the symptoms weie intei mittent, vague, and of a chionic natuie Of the 
seven cases m which the patients were not opeiated upon foi acute symptoms, 
a gasti ojejunal ulcei had been suspected befoie the opeiation, but in 
only thiee instances was a gasti ojejunal ulcei actually piesent The hernia 
pioduced symptoms in nine cases, in thiee, acute intestinal obstiuction, and 
111 SIX, A^aiying degiees of intestinal obstiuction The symptoms in the tenth 
case weie attributed to gasti ojejunal ulcer and the heinia was consideied to 
be an incidental finding Although loentgenographic examinations iieie 
made in eveiy instance, and although the possibility of a mechanical defect 
was suspected, the pieopeiative diagnosis of heiniation was not made in 
any case 

It IS piobable that in some cases intra-abdominal heinia develops fol- 
lowing peiformance of gasti o-enterostomy for peptic ulcer but the hernia 
goes uniecogmzed Othei herniae have been lepoited to afflict patients 
following lesection of the stomach with anastomosis to the jejunum The 
piesence of this type of heinia is difficult to recognize, but in those cases 
in iihich gastrojejunostomy has lieen peifoimed and symptoms of intestinal 
obstiuction develop, or in which some mechanical defect in the anastomosis 
IS present, the possibility of heiniation must be consideied Such heiniae 
can be pi evented for the most part by accuiate closure of all openings m 
the tiansveise pait ot the mesocolon and b}' obhteiation of the gasti ojejunal 
hiatus The following case is typical 

Case I A \\onian, age 24, had undergone posterior gastro-enterostomj' in 1936 foi 
duodenal ulcei Six months after the operation, distress developed which was different 
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from that which had been present prior to operation About one houi after the eating 
of a heavy meal, she became “bloated,” experienced mild cramp-like sensations in the 
midepigastrium, and a sense of pressure beneath the xiphoid process One evening she 
was awakened by severe, intermittent colickj pain in the epigastrium, this was asso- 
ciated with persistent nausea and frequent vomiting of bile-tmged vomitus The pain 
graduallj localized m the left side of the abdomen, and operation for acute intestinal 
obstruction was advised At operation, the entire small bowel was found to be obstructed 
and protruding through a small opening in the transverse portion of the mesocolon just 
adjacent to the site of anastomosis This hernia was reduced and the opening was 
closed The patient has remained free of symptoms since 

Occasionally, the intestinal obstiuction has occurred secondarily to an 
inti a-abdominal henna caused b}’' the foiination of an apertuie lateial to the 
loop of colon hi ought out duiing colostoni)'^ Two such cases are included 
in oui series A typical case has been repoi ted by C H Mayo and Magotin ^ 
Although the pieviously mentioned type of hernia occuis infrequently, every 
precaution should be taken to avoid it This can be done by carefully and 
securely closing wnth sutuies the mesosigmoid to the left paiietal peritoneum 
The finger should be mseited to demonstiate that all openings wdnch might 
be potential causes of henna have been closed 

Following an opeiation for i eti oversion, some enoi m technic ma}'^ occa- 
sionally be the cause of formation of a potential internal henna This type 
of hernia has occuired most fiequently following peifoimance of the Bald>- 
Webster type of operation, during which the sutunng of the broad ligament 
to the lound ligament at the points of peifoiation of the broad ligaments 
was either overlooked, or aftei wdnch the sutunng has secondarily broken 
down On the othei hand, the lound ligaments may be drawm thiough the 
bioad ligaments too far aw^ay from the body of the uteius, so that, secondarily, 
a strain on these ligaments may cause the lound ligaments to cut through 
the broad ligaments towaid the median line, thus producing an apeituie 
thiough which hennation of small intestine may occur 

Occasionally, m patients for whom no pievious suigical treatment has 
been instituted, pouches and openings m the broad ligaments have been ob- 
served These, foi the most pait, aie considered to be congenital m origin, 
but in certain cases it is possible that distention and stretching arising from 
pregnancy, fiom a laige pelvic tumor, oi fiom a pelvic inflammatory disease 
may have produced them 

In othei instances, in peifoiming such opeiations as myomectomy 
oophorectomy, appendicectomy, and the like, openings are inadveitently made 
m the bioad ligaments These may go unobseived and become potential 
causes of heiniae In the peifoimance of othei pelvic opeiations in which 
the uteius is suspended, instances of heiniation of intestine betw’^een the 
uteius and anterioi abdominal wall have been lepoited 

Three patients m oui senes had hernia of the bioad ligaments In two 
cases these heiniae followed peifoimance of the Baldy-Webstei type of 
operation foi retroversion In each of these cases, an acute intestinal ob- 
struction W'as present, whereas in the case in wdiich the hernia w^as of con- 
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genital ongin, the tube and ovary had herniated themselves into a pouch in 
the light hioad ligament and weie pioducmg symptoms The following 
case is typical 

Case 2 — A woman, age 47, had undeigone a Bald3'-Webster type of opeiation 16 
yeais before admission to the Mayo Clinic Thirteen years before her admission to the 
Clinic she had an internal shortening operation On her admission a diagnosis of ob- 
struction of the small intestine was made At operation, two loops of strangulated ileum 
were found to have herniated through the right broad ligament The hernial opening 
was situated just below the utero-ovarian ligament, where the round ligament had been 
pulled through a perforation m the broad ligament 

Herniation of this type can be prevented if all points of perforation m 
the bioad ligaments aie closed at the time of operation In pei forming such 
opeiations as ventral fixation, Gillian suspension and the like, the suigeon 
should be caieful to leave no apeituie through which herniation may occur 
This condition can he suspected when the symptoms of acute intestinal 
obstruction occur m a patient following peifoimance of operative suspension 
foi fixation of the uterus 

In five patients in oui senes, acute intestinal obstruction developed sub- 
sequent to the formation of mti a-abdommal hernia as a result of previous 
surgical tieatment In each of these cases, theie was a history of infection 
or peritonitis following the pievious opeiation Herniae of this type may 
develop during immediate postoperative convalescence, but as a lule aie dis- 
coveied a number of months or even years later, when the patient is ad- 
mitted for an acute intestinal obstiuction In the five cases, the obstruction 
developed 4 and 6 weeks, and 8, 14, and 16 years following performance 
of the original operation In thiee instances, the heiniae weie secondary to 
operations foi ruptured appendices, and 111 the other two instances, pelvic 
operations had been perfoimed 

Case 3 — ^A woman, age 43, had undergone a suspension operation for fixation of 
the uterus and also appendicectomy m 1924, and, in 1936, abdominal hysterectomy had 
been performed One month following this operation, acute obstruction of the small 
intestine developed At operation, a gangrenous loop of ileum was found to have 
herniated behind a firm fibrous band which extended from the left pelvic wall to the 
region of the stump of vagina The gangrenous portion of bowel was resected, and 
side-to-side ileo-ileostomy was performed 

Adheient loops of intestine may form unusual apertures 

Case 4 — A woman, age 30, had undergone appendicectomy for a ruptured appen- 
dix in 1922 In 1938, an acute obstruction of the small intestine suddenly developed At 
operation, a loop of small intestine was found to be adherent to the terminal portion 
of the ileum One end of the loop was attached to the amesentenc border and the 
other to the mesenteric border Through this loop 6 cm of ileum had herniated, causing 
obstruction 

Various apeitures may occur in the omentum as a result of trauma 01 
infection 
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Case 5— A man, age 55, Ind undcigonc an operation for diainagt of an appendiceal 
abscess in 1930, and latei in the same 3eai liad iindeigone appendicectomy He was 
admitted to tlic clinic with an acute intestinal obstruction At operation, a strangulated 
loop of ileum was found to have herniated through some adherent omentum 111 the right 
side of the lower portion of the abdomen J he edges of this aperture weie thickened and 
fibrous The obstruction w-as reheied bj division and resection of this portion of 
omentum 

Pal aduodenal Henna — The hteiatuie peitaimng to pat aduodenal heinia 
IS voluminous’ ? c 0 10 11 12 exubeiant and diveisilied nomenclature 

has accumulated, with chaotic lesults, and the undeil)ang facts seem to hate 
been lost to complete anatysis Many fossae about the duodenum have been 
minutely desciibed, hut pi oof that they ate a factoi m the causation of 
such heiniae is lacking 

Left duodenal heiniae occui much moie frequently than do those on 
the contralatei al side Bryan,- m 1935, stated that 162 of the foiinei and 
only 43 of light duodenal herniae had been lepoited Many of these herniae 
are never lecognized dm mg life and are found eithei at the postmoitem 
table 01 accidentally when the abdomen is explored foi other leasons Such 
a state of affairs will be consideied logical when it is lealized that the 
heiniae, as such, do not pioduce symptoms It is only when obstruction, 
acute 01 chronic, 01 sti angulation supeivenes, that patients piesent them- 
selves foi tieatment 

Diagnosis of a duodenal henna is a lare feat Of 91 cases of left duo- 
denal herniae wduch Pikin’’ collected, in only thiee was the condition diag- 
nosed clinically Aftei caicful analysis of his collected cases, Moynihan'’ 
was able to offei some excellent suggestions ivhich would pei mit a diagnosis 
to be made In addition to the signs of acute intestinal obstiuction, he noted 
that (i) a localized swelling of the abdomen will be piesent, the position 
of the tuinoi resulting from the side affected, and that aiound such a mass 
is a legion of compiession corresponding to the position of the colon, (2) 
the tumoi may be distinctly delineated by palpation, and although sounding 
flat to superficial peicussion, it will be rathei resonant to deep peicussion, 
(3) sounds may be heard anywheie m the tumoi , and (4) in left 

duodenal herniae, because of the position of the infeiioi mesenteiic vein in 
the neck of the sac, symptoms of venous obstiuction may be evident Blood 
may be found in the stool, hemon holds may be piesent, 01 dilated veins 
may be piesent on the anteiioi abdominal wall 

Eight “duodenal heiniae” were encounteied in the piesent senes, and of 
these, SIX weie on the left and two weie on the light Seven of the patients 
were men The ages of these patients were between 32 and 59 I” associa- 
tion with that which has been wiitten pievious to the pioduction of s3miptoms, 
it is inteiesting to note that only two of these patients gave a histoiy of 
abdominal pain and discoinfoit It is likewise important to note that m one 
the duiation of symptoms was 20 yeais and m the second, foui years Five 
of the herniae were discovered at opeiation fot othei jiathologic conditions 
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of the iippei pait of the abdominal cavity, vheieas exploration in the le- 
niaining thiee patients vas nndei taken because of unexplained abdominal 
symptoms Masson and Meindoe* have leported on one of the lattei pievi- 
ously Then patient had a laige, light duodenal hcinia, hut the obstiuctive 
symptoms piesent weie the lesult of a localized poition of hypei plastic 
tubeiculosis in the ileum 

Case 6 — A male, white, age 40, stated that he had had lecurrent attacks of left 
abdominal pam for approximately four years During the two years just prior to his 
legistration, SMiiptoms refeiable to intestinal obstiuction weie present Tarry stools 
have been noted occasionally During this period of four yeais, the patient had lost 
about 25 pounds (ii Kg) 

Physical examination disclosed nothing abnormal save foi abdominal tenderness over 
the region of the left poition of the colon The patient had the sensation that an 
indefinite abdominal mass was piesent Results of roentgenographic studies of the 
stomach and large bowel were normal , and a study for intestinal stasis revealed that 
the barium was distributed throughout the bowel in 16 hours It was suggested that 
some unexplained type of pathologic process was present and that the latter might be 
either a diaphragmatic hernia or some other tj'pe of internal hernia Surgical exploration 
w'as advised 

At operation a definite hernial opening was found at the duodenojejunal junction 
just under the ligament of Treitz The opening to the hernial sac w'as closed It is 
hkew'ise interesting that a Meckel’s diverticulm was also found in this patient 

Ho mac Ref o able to Congenital Malfoi niatwns — Instances of congenital 
malformation of the piimaiy midgut loop, excluding the duodenal heinia, 
also foim an interesting gioup Such abnonnahties have then oiigm m mal- 
lotations 01 impiopei fusion of the peritoneal layeis. eithei of the mesenteiy 
of the small intestine, 01 of the cecum and ascending pait of the colon Pei- 
sistent ti action bands may also be found m such cases Defectne disposition 
of the small intestines and light pait of the colon, a process commonly teimed 
“maliotation,” accounted foi the pioduction of hernia in two individuals A 
leport of one of the cases follow's 

Case 7 — The second of these patients w'as a boy, age three, wdio had been subject, 
since birth, to frequent episodes of vomiting, w'hich had been marked during the first 
18 months of life but w'hich, during the j^ear prior to the jiatient’s registration, had 
occurred but once every two to four months Duimg these attacks the child w’ould 
double up as if abdominal pam and cramps w’ere present Diarrhea or constipation 
was not noted 

The abdomen w'as moderately distended and an intestinal pattern w^as seen Howe\er, 
peristalsis W'as not audible Because of the persistence of regurgitation and the onset 
of othei signs of partial high intestinal obstruction, the abdominal cavity was ex- 
plored The stomach, duodenum, and upper portion of the jejunum were distended, but 
the small bowel distalh was collapsed A. persistent traction band, situated about eight 
inches (20 cm ) from the ligament of Trcitz, had almost completeh occluded the jejunum 
Associated with this anomah was a clockwise mahotation of go° of the postarterial 
segment of the primal j midgut loop to the right This malrotation had caused the 
cecum and ascending part of the colon to occupj their usual positions However, the 
small bowel lav almost completeh on the left side of the abdomen The transverse part 
of the colon was anterior to the superior mesenteric vessels, whereas the jejunum laj 

881 



MAYO, STALKER AND MILLER 

' Piovemoer xual 

posterior to the tiunks Symptoms probably were almost complctelj referable to the 
persistent traction band 

Impiopei ftibion of the peiitoneal laycis of the postal teiial segment will 
lesult 111 the foiination of small pouches unclei the cecum and ascending part 
of the colon Retiocecal heinia weie found incident to peifoimance of sur- 
gical proceduies foi othei conditions in two patients Neither had had 
symptoms Reduction of the heimal mass, which may be composed of poi- 
tions of the ileum, or ileum and cecum, is followed by simple sutuie of the 
oiifice 

Case 8 — A second variety of paracecal hernia was found in a male, age 25, who 
complained only of moderately severe abdominal pain A region of extreme tenderness 
was present in the epigastrium Results of roentgenographic examination of the stom- 
ach were normal, but studies of the colon revealed that a transposition was present 
Upon exploration, a herniation of practically all the small intestine through an opening 
just beneath the ileoceeal valve was found The aperture was large enough to admit 
three fingers An extremely mobile cecum was present Reduction of the hernia was 
accomplished by incision of the outer leaf of the peritoneum of the mesentery of the 
right part of the colon 

In similar manner, piolapse of the ileum into a sac undei the mesentery 
of the small intestine ma} also occui 

Case 9 — A male, age 34, had suffered recurrent attacks of pain in the right lower 
abdominal quadrant Acute appendicitis was the preoperative diagnosis, but exploration 
revealed an obliterated appendix Additional search demonstrated that a hernia involved 
12 inches (30 cm ) of ileum Additional interest in this case was provided by the 
presence of a Meckel’s diverticulum 

An internal heima, involving the mesenteiy of the small intestine, but in 
a sometvhat different situation than that just piesentecl, may be found when 
prolapse of the bowel thiough an aperture lying betiveen the ileocolic artery 
and its last mesenteric branch has taken place Such apertuies may be either 
congenital 01 they may lesult fiom thinning of the mesenteiy caused by one 
of seveial factors The passage of a loop of intestine thiough such a hiatus 
IS one of the moie uncommon mechanisms producing acute intestinal 
obsti uction 

The OCCUI lence of internal herniation thiough the f 01 amen of Winslow 
IS extremely infrequent, because of the bairier afforded by the transverse 
pait of the colon In addition, the antenoi and the posterior boundaries of 
the apeiture are, as a lule, m dnect contact Accoiding to Moymhan, one 
of the folloivmg factois must be piesent to peiinit the formation of this 
paiticular type of hernia (i) A common mesenteiy foi the whole intestine, 
(2) absence of secondaiy fusion of the ascending pait of the colon to the 
abdominal w^all, (3) an abnormally laige foiamen, and (4) an abnoimal 
length of the mesenteiy and consequent marked mobility of the intestine 
Pam expel lenced by such patients is usually epigastric and a tumor can 
usually be felt in the same situation A resonant note is obtained on deep 
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peicussion ovei the mass The usual signs of acute intestinal obstiuction 
aie present 

Case lo — Illustrative of herniation through the foramen of Winslow is the condi- 
tion of a woman, age 56 , who had suffered epigastric pain for three and one-half days 
Nausea and vomiting were maiked On admission, considerable distention of the abdo- 
men was evident and borborygmi could not be heard Because of her poor physical 
condition, simple enterostomy alone was performed The patient improved to such an 
extent during the succeeding 24 hours that furthei operation seemed indicated The 
cecum and the ascending part of the colon were found to have prolapsed through the 
foramen of Winslow into the lesser peritoneal cavity A condition which might be 
termed “hernia of a hernia” was also present, for part of the bowel had ruptured through 
the anterior leaf of the lesser omentum and was hanging down anterior to the stomach 
This loop was distended and discolored Decompression of the affected bowel vas 
effected and the hernia was reduced A catheter was sutured into the bowel at the point 
at which the gas had been withdrawn 

Miscellaneous Consulei afions — A few cases could not be satisfactoiil} 
classified in any of the above mentioned groups, so we have placed them 111 a 
miscellaneous gioup Theie weie four such instances, one of which aheady 
has been discussed in the section of this papei concerned with postopeiative 
heiniae into the broad ligaments 

Occasionally, secondaiily to some inflammatoiy condition such as pelvic 
inflammatory disease, appendicitis, and the like, foi which no surgical intei- 
vention has been undei taken, adhesive bands may foim In some instances, 
a Meckel’s diveiticulum may lemain attached to the abdominal wall, pio- 
ducing a band-hke structuie These bands and adhesions aie occasionally 
the cause of heiniation, with lesulting intestinal obstiuction 

It IS difficult to explain the causation of mesenteiic and omental defects 
and, in the absence of a suggestive cause many are thought to be congenital 
Ruptuie of either of these defects as a lesult of external violence and injury 
during the couise of a pievious operation aie consideied to be possible causes 
In some cases, antecedent inflammation of the appendix with involvement 
and subsequent atiophjr of mesenteiy 01 omentum ma} pioduce such a defect 

Stalker and Giaj^® have pieviously repoited a case of herniation into the 
pievesical space, 01 the space of Retzius This was the sixth pie\esical hernia 
to be repoited in the Iiteiatuie Seveial theoiies ha\e been presented as to 
the oiigin of this type of henna but in the aliscnce of both tiauma and a 
previous opeiation we feel that it must be consideied to lie secondary to some 
congenital defect 

Comment — Weie it not foi the fact that internal heiniae become manifest 
thiough vaiious degiees of intestinal obstiuction, the majority of such herniae 
\vould pass without recognition Occasionally, in peifoiming an opeiation 
foi some uni elated condition, an anomalous condition is found wdiich may 
piove so confusing that it ma) senousl) complicate the necessary suigical 
pioceduie Inasmuch as these conditions may exist without pioducmg symji- 
toms, the suigeon should not attempt suigical repaii m every case As we 
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have pointed out, the majoiity of so-called paiaduodenal heiniae are not asso- 
ciated with symptoms This is also tiue of ceitam of the heiniae associated 
^\lth mahotation of the colon Extensive suigical mteivention would be 
lequned to lepair these congenital defects satisfactoi ily, and m many in- 
stances a satisfactoi}' lepaii of the defect could not be accomplished Thus, 
it IS oui conclusion that all geneial suigeons should be famihai with the 
anatomic aspects of vaiious types of mtia-abdommal heiniae but that 
foi the most pait the} should be conservative m then tieatment when such 
herniae are found incidentally and aie not pioducmg seiious symptoms On 
the othei hand, the piesence of such heiniae must be suspected in all cases 
of intestinal obstruction, eithei paitial oi complete Tieatment m these cir- 
cumstances will be essential and will vaiy uith the anatomic cn cumstances 
piesent at opeiation Because such heiniae fiequently aie associated mth 
bizaiie and not chaiactenstic symptoms, then piesence and the eaily lecog- 
nition of the lesulting ohstiuction of the small intestine may be ovei looked 
Because a pieopeiative diagnosis is seldom made, the pioblem of the coiiect 
tieatment m the individual case may be difficult, and must be decided upon 
while the patient is on the opeiatmg table In many of these cases sti angula- 
tion IS piesent and immediate suigical tieatment must be instituted It has 
been oui expeiience that the vaiious adjuncts in the treatment of intestinal 
obstiuction, namely, an indwelling intestinal cathetei, admmistiation of 95 
pel cent oxygen and othei conseivative methods of intestinal decompiession, 
have fiequently been employed foi undue peiiods foi those patients who 
should have been opeiated upon immediately Too gieat emphasis cannot be 
placed on the necessity of distinguishing accuiately those conditions Avhich 
aie not amenable to such conseivative treatment It may be (and in this 
small group of cases of mtia-abdominal henna will be) impossible to make 
such a decision and, if doubt exists, fewei mistakes will be made by peifoim- 
ing suigical exploiation 


SUMMARY 

Thiity-nme cases of mti a-abdommal henna, m which the patients weie 
tieated surgically at the Mayo Clinic between 1910 and 1939, inclusive, have 
been reviewed 

Eighteen herniae ueie considered to be pi unary, 01 diiectly the lesult of 
some congenital defect 

Twenty-one heiniae occuired secondanly to opeiation, tiauina, 01 inflam- 
mation Symptoms were manifested by the heiniae 111 29 cases, and m ten 
cases the heiniae weie found incidental to opeiation for anothei condition 
Some degree of intestinal obstiuction was piesent m 28 cases, and in 19, 
acute intestinal obstruction developed The histones of seveial patients il- 
lustiatmg the various types of inti a-abdominal heiniae found, have been 
presented 
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TESTICULAR TRANSPLANTATION 

SUCCESSFUL AUTOPLASTIC GRAFT FOLLOWING ACCIDENTAL CASTRATION 

Walter M Kearns, MS, M D 
Milwaukee, Wis 

PRESENTED nCFOllE THE V ISCONSIV UnOI OGJC SOCIETY BELOIT, ^MS APRIL “JO, IDSB \ND \T Till NEW \ ORh. AC ADEMY 

OF MEDICINE, JANDARl 17 10(0 

Loss OF THE TESTICLES 111 the adult as the outcome of ciiminal oi puni- 
tive castration, tiaumatic accident and self-inflicted removal lesults m serious 
metabolic disturbances involving not onlj' sexual functions but especially the 
nervous and musculai systems Eaily lecoveiy of the testicles with reim- 
plantation into the sciotal legion, observing certain physiologic considera- 
tions, offers the possibility of successful grafts Tins procedure naturally is 
not applicable when suigical castration is performed foi the removal of 
diseased testicles 

When the implanted tissue oiigmates m the host it is called autogenous 
The opeiation is teimed autoplastic tiansplantation oi i eimplantation The 
transplanted tissue becomes a graft aftei evidence is present that it “takes” 
or survives 

In transplants, the survival of viable testiculai cells is dependent upon 
nutrition lesultmg from the penetration of a compatible host’s cnculation 
into the tiansplanted tissue which consequently must be inseited in such 
form as to expose a large proportion of incoming cells to vascularization b}^ 
the host Reimplantation of the whole testis, oi laige poitions of it into any 
part of the body has invaiiably resulted in little benefit and latei sloughing 
Tissue in the foim ol thin slices oi mush injections aie most apt to result 
111 successful giafts 

Call Mooie’s expeiiments have produced convincing pi oof that the 
testis attains its full development and functional capacity m the sciotum 
where the tempeiatuie is fiom thiee to six degrees below that of the internal 
paits of the body A local tissue peculiaiity in the scrotum may also be a 
factor m normal testicular development The choice of the scrotum as the 
site for implantation is the viosf impoitant pi ct eqmsite for success The 
dartos layer is an ideal location foi the intioduction of transplants because 
of the total absence of fat, the piesence of loose aieolai tissue, the propei 
temperature and good vascularity 

The recoid of a patient obseived ovei a peiiod of two and one-half years 
is appended 

Case Report — On October 12, 1937, a hospital call from Dr H G Oakland brought 
the author to the pathetic sight of a joung man, age 23, whose right arm had been 
amputated just below the elbow, and both testicles, scrotum and the skin of the penis had 
been torn from his body The accident had occurred less than one hour previously While 
■working m a box factory he had leaned forward over a lathe carrying a revolving knife 
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Fig I — EN-ternal genitals as they appeared after recovery from underwear 



Tig 2 — Appearance of the genitals before preparation for operation The penis is denuded except 
for the semimucosal or inner part of the prepuce 
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when his tiousers were caught up and quickly wound into the machine His right hand 
grasped his trousers, w'as drawn into the w'hirling knife and amputated together with 
the external genitals On arrival at the hospital he w’as m shock — severely exsanguinated 
Doctor Oakland had controlled the bleeding m the arm stump There was no bleeding from 
the genital wounds With the aid of three blood transfusions during the night there w'as 
rapid recuperation 

The scrotal skin, intact testicles and the skin of the penis still attached to one another, 
w'ere found in the patient’s underw'ear and placed in a refrigerator overnight m a normal 
saline dressing (Fig i) 



Fig 3 — Photograph showing complete healing, with little distortion 
and full erectile function 


The follow'ing morning, under general anesthesia, w'orking concurrent^ wnth Doctor 
Oakland w'ho repaired the arm stump, reconstruction of the genitals W'as earned out 
Fourteen sliced cross-sections of testes, each about 2 Mm in thickness, were implanted in 
the scrotal w'ound and coveied w'lth the flaps of the remaining scrotal skin One section 
of epididjmis was also implanted 

The accident left the semimucosal or inner part of the prepuce still covering the 
glans (Fig 2) This part of the prepuce was simply inverted over the glans and cohered 
about 3 cm of the distal part of the shaft, where it w'as held in place wnth a few inter- 
rupted catgut sutures The remainder of the denuded penis w'as covered w'lth a full- 
thickness graft made up of a collar of the verj skin which had been torn from this area 
All of the skin grafting was successful except the full-thickness one on the proximal part 
of the shaft which survned in only isolated areas and had to be largelv replaced at 
several later sittings w'lth pinch-grafts taken from the thigh The patient left the hospital, 
December 14, 1937, apparently well, wnth a iiormallj functioning penis (Fig 3) 

Naturally, the peitinent questions concerning this patient aie (i) Have 
the testicular tiansplants been successful, and (2) how long Avill the giafts 
function^ Foi an anstvei to these questions one must considei the piostate 
gland which is the most sensitive clinical mdicatoi of testiculai function 
Experimentally, m castrated male animals, the admimstiation of audiogenic 
agents is promptly followed by an increase in size of the atiophied piostate 
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and seminal acsrIcs Tins ic.iction, in fad, is the basis of an assay method 
Call J^Iooie Dcansh. AlcCullagh and othcis have called attention to the 
pioinpt atiopln of the j)! estate following castiation 

Subsiqiiiitl Couist — ] me to foini, our patient at the end of two and one-half weeks 
liad dc\ eloped i \ci\ definite shrinktige in the sire of the gland Instead of the usual 
succulent gland, t\pical of Aonng men at his .ige, it had shi unken at this early post- 
operatne stage to .ihont one-half normal sire At the end of six weeks it was barel}" 
palpable and at three months eould he outlined with difficult\ by rectal palpation Con- 
tinued peiiodical rectal examimtions levealed a gradual regeneration of piostatic tissue 
during ensuing months, indicating tliat the grafted testicular cells w'ere surviving and 
probabh elaborating secretion (Ciiart i) 


PROSTATE GLAND CHANGES 

FOLLOWING ACCIDENTAL CASTRATION 
AND AUTOPLASTIC TESTICULAR TRANSPLANTS 


CONTOUR OF PROSTATE GLAND — RECTAL FINGER 
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Chart i 


He has remained normal since that tune, regained his full vigor and endurance, 
has normal libido and frequent erections, and has experienced ejaculations about once 
monthly A number of definite nodules in the scrotal region at the site of the grafts, 
some the size of a pea, have persisted 

There has been no deviation from normal in numerous repetitions of the following 
tests Friedman test for gonadotropin, basal metabolism test, blood cholesterol and 
sugar tolerance Tests for the presence of androgenic hormones in the urine demonstrated 
increasing excretion of androgens The last assa}, completed August 19, 1939, showed an 
output of approximately 57 international capon units per day as compared to an output 
of 20 to 30 capon units per day during the first w'eeks followung the operation (Chart 2) 
Because of the normal clinical course there has been no administration of either the 
extracts of thyroid, anterior pituitarj -like substance or of testicular hormone at any 
time during his convalescence 

Comment — The lesult in this patient has been \eiy giatif}ing up to the 
piesent and w'e aie hopeful that piolonged function wnll be leahzed The 
giafted tissue in this patient possesses two essential qualifications for suc- 
cess First, It IS autogenous, being returned to its oiiginal host, and, second, 
it has been placed in its normal scrotal habitat The early atiophy and then 
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legiowth of the pi estate gland indicates that theie was, piimaiily, a lack of 
cellulai function but, later, adaptation and regeneiation took place The in- 
creasing urinaiy excretion of andiogens now adds to the encoui aging out- 
look 

The precautions lequiied in tissue cultiue and ti ansplantation weie oh- 
seived, namely The reimplantation was earned out as promptly as possible 
aftei removal , sudden and repeated changes m temperature were avoided as 
^^ell as direct exposuie to sunlight, and there was no undue tiauma or 
drying 

The successful result m this patient piompted an attempt to graft testicu- 
lai tissue into human castrates Homoplastic transplantation w^as lecently 
perfoimed on tw’’0 castrates, who received injections under the scrotal skin 



Chart z 


of a testicular mush made up of the testicles of a young man killed m an acci- 
dent Preliminary blood giouping of donor and lecipients W'as carried out 
Their compatibility was established This most impoitant step is usually 
overlooked A lepoit on the lesults of these operations and otheis to follow^ 
wall be published after several yeais of observation 

SUMMARY 

(1) Autoplastic testicular transplants were earned out in a patient, age 
23, following accidental castration 

(2) Successful graft resulted Observation duiing two and one-half years 
demonstiated regeneiation of the prostate gland, normal sexual behavior, 
and the persistence of normal clinical and laboratory tests 

(3) The method of transplantation herein described is lecommended foi 
the replacement of testicular tissue which is lost in the maneuveis of w^arfaie 
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THE PRESENT STATUS OF INTRAVENOUS FLUID TREATMENT 
OF TRAU]\IATIC AND SURGICAL SHOCK* 

IIi.xRY N IIarkix.s, ]\I D , AND RoY D McClure, MD 

Di-iuoit, Micif 

moM Tin i)i\isi«)\ oi riMUM hi urim, insm i onn iiosht n , dftiioit micii 

Intiluenous fluid leplacement thciapy is one of the chief elements of 
modem shock ticatment The need foi such leplacement is evident because 
of the impoitance of oligemia in shock This factoi is of svicli impoitance 
that in the lecenth published Biitish M R C Memorandum, No “The 
Tieatmcnt of M'ound Shock,” the following statement was made “It is now 
geneiall) accepted that the most impoitant leqiniement foi ariesting the pro- 
gressive deteiioiation in geneial condition which is such a featuie of shock, 
IS lestoiation of blood-\olume and theieby of tissue metabolism ” In a recent 
definition of shock — pi ogiessive vasoconsti ictive oligemic anoxia — one of us 
(H N H ) furthei emphasued the impoitance of the ohgemw and infeiied 
the need foi pioinpt tieatment befoie the pJog)csswc state had irreversibly 
injured the body by means of the anoxia 

Since the ideal method of coi recting the oligemia would be to replace fluid 
exactly similai to that lost, this should be the ideal toward which therapy 
should be diiected It is difficult, howevei, in many cases to be sure just what 
blood elements have been lost and, even if known, such fluids aie not always 
available In some cases of shock, the fluid lost is essentially whole blood, 
in othei instances, it is practically puie plasma Various clinical cases run 
the entire gamut of possibilities between these two exti ernes In other cases, 
moie than one separate injuiy may be piesent — as, for example, a burn com- 
plicated by abdominal tiauma and bleeding into the peritoneal caruty 

In the present papei, the vaiious fluids that can be used intravenously in 
the tieatment of shock aie reviewed and the indications and contraindications 
for each are discussed A few expeiimental observations on the fate of 
certain of the various fluids aie cited The fluids used may be listed as shown 
in Table I 


(l) SALINE crystalloid SOLUTIONS 

These solutions have the advantage of ready availability, almost perma- 
nent preservabihty, and absence of toxicity, but lecently a collection of evi- 
dence has been built up to show that in shocked patients their stay inside the 
blood vessels is only tempoiaiy Fuithermore, the more advanced the shock 
and the more imperative the need foi tieatment, the less apt are crystalloid 
solutions to be of benefit Pilcher and Sollmann®^ (1914) , KroglF^ (1922) , 

* Presented by title befoie the American Surgical Association, White Sulphur 
Springs, W Va , April 28, 29, 30, 1941 To Doctor Harkins goes all credit for the work 
on this paper — Roy D McClure 
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T \BLI I 

lARTIM I 1ST 01 IIIOOD SUllSTITbTrS USI D IN 1NTRA\ I NOUS RTII VCI Ml'NT 
TlirUAlN 01 SHOCK 

(1) Saline crystollouls (noriml Silt solution Rinper s solution I ocke s solution etc) 

(2) Glucose solution 

(3) Gum acacia solution 

(4) Gelatin saline solution 

(5) Amino acid solution 

( 6 ) Casein digestate 

(7) Ascitic fluid 

( 8 ) Whole blood 

(a) Direct transfusion 
tb) Citrated fresh blood 

(c) Citrated presers ed blood 

(d) Placental blood 

(e) Cadaver blood 
{9) Plasma 

(a) Natural plasma 

(b) Reconstituted normal plasma 

fc) Reconstituted concentrated plasma 

(d) Calcificated plasma 

(e) Heterologous (bovine) plasma 

(10) Serum 

(11) Red cell solution 

(12) Hemoglobin Ringer solution 


Kinsman, Spurling, and Jelsma®^ (1928), Miller and Poindexter'^- (1932), 
Robeits and CrandalP'* (1933), Adolph, Geibasi, and Lepore^ (1934), 
Horsley^^ (1934), Amberson^ (^ 937 ). Hepler and Simonds'*'’ (1938), and 
Wakeley®® (1940) noted the ease of escape of these solutions fiom injured 
blood vessels Whitby®^ (1941) stated “The effect of saline is evanescent” 
Best and TayloH^ (i 939 ) also lecognized the short stay of crystalloid solutions 
in certain surgical cases, stating “If the blood volume has been reduced as a 
result of hemorrhage 01 shock, the mtiavenous injection of a saline solution, 
owing to the short stay of this fluid m the blood stream, is of little value, and 
may indeed be harmful Transudation of fluid into the tissue of the lung — 
pulmonary edema — may result ” 

Hill, McMichael, and Shaipey-ShafeH® (1940) also made observations 
on the transiency of action of crystalloid solutions They found that "physi- 
ologic or hypertonic saline given intravenously to normal people is rapidly lost 
from the circulation” and that “m shocked patients mtiavenous saline pro- 
duces transient benefit only ” Similai observations were made by Maes and 
Davis’'® (1941), stating “When the reduction m blood volume has existed 
long enough to produce, through oxygen lack, increased permeability of the 
capillar} walls, admmistiation of such solutions may result in a further loss 
of plasma proteins fi om the blood sti earn ” These authors pointed out that 
advocacy of crystalloid solutions in shock treatment by MacFee and Bald- 
ridge®'^ (1930) and by HoitinM® (i 935 ) niay depend on a consideration of 
cases seen before marked increase m capillary permeability has occurred 

Davis®® (1937) performed experiments which indicated that excess use 
of crystalloid solutions may be harmful m shock A diminution m oxygen 
usage occurred m such cases which Davis termed an “anoxemic 1 espouse ” 

The most complete exposition of this aspect of the subject, hovever, was 
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made by Blalock, Beaid,®- and then associates (1932 and 1933) 

m a senes of six expenmental papeis They found that saline or glucose 
injections would actually w^ash plasma piotems out of the blood stream, caus- 
ing the animals to he pooiei in plasma piotem than they would have been 
if not heated at all Fuithei extensive studies of MmoF^ (i 937 )) and of 
Minot and Dodd""*’ (1940 and 1941), ha\e coiiohoiated these observations 
Minot and Dodd‘‘ (1940) stated “When plasma piotem is deficient, the 
admimstiation of fluid alone fails as a means of lestoimg an adequate vol- 
ume of blood Indeed, such measiiies often lesult m a gieatei loss of piotem 
thiough mjuied capillaiies ” 

Buttle Kekwick, and Schw eitzer--* (1940) peifoimed a senes of expeii- 
ments shown m Table II These expeiiments indicated that isotonic saline 
easil}'' passes fiom the ciiculation into the tissues and is unable to laise the 
blood volume foi moie than a biief time Cats w^eie bled 50 per cent of 
then calculated blood volume as lapidly as was compatible iMtli life, and then 
the blood volume was lestoied with vaiiotis blood substitutes It is seen that 
not onl)'' all ol the untieated contiols, but all the saline injected animals died 
It IS also seen that of the 12 blood substitutes tested, only thiee (plasma, 
diied plasma of Gi eaves, and filteied plasma) w'eie as efficacious as wdiole 
blood m lestoimg the blood piessuie of cats 111 shock to 1101 mal It is also 
seen fiom the table that only seven of the 12 saved the lives of all the cats 
tested Buttle and his associates lated the blood substitutes m the following 
Older of meiit Plasma, seium, hemoglobin-Ringei , gum acacia, led cell solu- 
tion, isotonic saline , and last isotonic glucose 

Tvblc II 


EVPERIMCVrS or BUTTLE KCRWICR AND SC11\VLIT7CR (LANCET 2 50" I940) ON RELATIVE MERITS OT DlrFERCNT 
BLOOD SUBSTITUTES IN RESTORINC DI OOU PRESSURE OP CATS RAPIDLA BLED SO PER CENT OP THEIR BLOOD VOLUME 


Fluid Replaced 

No of 
E'.pts 

Deaths 

Av Vol of 
Fluid 

Given (cc ) 

Blood Pressure Response 

(i) None 

7 

7 

None 

None 

(2) Whole blood 

S 

0 

83 

Good and maintained 

(3) Normal salt 

S 

S 

OS 

Poor and transient 

(4) Normal glucose 

S 

5 

89 

Poor and transient 

(S) Acacia 

8 

3 

93 

Fair with slight later fall 

(6) Hemoglobin Ringer 

5 

0 

7S 

Good -nith slight later fall 

(7) Cells 

6 

3 

7S 

Fair but temporary 

(8) Plasma 

7 

0 

70 

Good and maintained 

(9) Serum 

7 

0 

72 

Good with slight later fall 

(10) Dned serum 

3 

0 

66 

Fair and maintained 

(ii) Dned plasma (Davie) 

6 

6 

25 

All died at end of injection 

(12) Dned plasma (Greaves) 

3 

0 

79 

Good and maintained 

(13) Filtered plasma 

5 

0 

81 

Good and maintained 

(14) Plasma-saline 

3 

0 

69 

Poor with later fall 


At the Heiiiy Ford Hospital one of us (H N H ) peifoimed experi- 
ments that wnll be lepoited in detail elsewdiere in wffiich an attempt w^as made 
to measure the amount of saline which wdien infused m the presence of shock 
will leak out into the local area of trauma It is knowm, as seen m Chart i, 
that w hen one hind of limb of a dog is traumatized, about 4 2 per cent body 
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weight of plastna-like fluid is lost into the limb up to the time of death, as 
shown by Parsons and Phemistei®^ (i93o) Similar mechanical trauma, 
followed by intravenous infusion of 1,980 cc of noiinal saline solution, re- 
sulted in an excess m weight of 6 3 per cent body weight indicating that about 
16 per cent of the infused saline leaked out into the local area of trauma 
Because of the small amount of mine (160 cc ) and the low bleeding volume 
(2 5 per cent body weight), the rest of the saline must have escaped into the 
tissues generally thioughout the body In other similai expeiiments, the 
excess m weight of the tiaumatized limb in saline treated dogs was as much 
as 10 per cent body weight As seen in Chart 2, saline also leaked out into 


HEMATOCRIT 


initial 37 

BEFORE SAUNE_40 

_2I 
.2 5 
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BEFORE DEATH. 


EXPERIMENT 

TRAUMA + SALINE (4-19-40) 


DOG WEIGHT^ 15 0 KGM 
TRAUMA 5 05 PM 
GIVE 1980 cc SALINE 
BLEED TO DEATH AT 2 A M 

BLEEDING VOLUME ^ 375c c 
(=2 5*4 B W) 
urine: 160 cc 

EXCESS W6T TRAUMATIZED SIDE 
= 950GM (=6 3*4 BW) 
(UNTREATED DOG EXCESS= 4 2%BW) 
2l7oBWs3l5cc OF SALINE 
WAS LOST LOCALLY AT SITE OF 
16*4 OF TOTAL 


GIVEN 
TRAUMA. OR ONLY 


Ch \rt I — In this typical e'^periment, it is demonstrated that when one 
side of an anesthetized animal is traumatized and saline is afterward given 
intravenouslj the traumatized limb e\ceeds the opposite normal limb by an 
amount equaling 6 3 per cent bod> weight W'hen compared with the average 
4 2 per cent bodj weight excess of similarly traumatized limbs not treated 
with saline it is seen that about 16 per cent of the saline administered leaked 
out into the traumatized area 


the locally tiaumatized area in a case of shock due to subcutaneous bile salt 
injection In Chart 3, it is seen that even wdiole blood wdien transfused 
piobably causes some increased fluid to leak into the traumatized area The 
fact that 37 per cent of the injected volume did so, as opposed to only 16 
per cent in the two illustrative saline injection cases, is not taken to mean 
that blood is moie likely to leak out m the locally traumatized aiea than 
saline Rathei it is linked up with the smaller absolute volume of blood 
given and also it is consideied to mean that less of the fluid is lost aw^ay 
from the site of trauma 


( 2 ) GLUCOSE SOLUTION 

Practically all of the objections to saline apply equally ivell to glucose 
Murphy, Correll, and GrilP® (1941), in studying the effects of intiavenous 
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solutions in patients with and without cardiovasculai defects, obseived dan- 
geious leactions aftci the use of 50 per cent glucose solution 

(3) GUM ACACIA SOLUTION 

Colloid solutions weie used intiavenously by Czeiny*- (1S94) HogaiU- 
(1915) made the first clinical use of these substances, injecting 2 5 per cent 
gelatin solution Gum acacia was used clinically by Hurwitz^® (1917) and 


EXPERIMENT (6-28-40) 
SUBCUTANEOUS BILE + SALINE 


DOG WEIGHT = 11.7 KGM 
INJECT BILE 4 25 P M 
GIVE 2575 c c SALINE 
DEATH ABOUT 2AM. (6-30-40) 

WATER PER 0S= 1100 cc 
URINE = 3310 C.C 
EXCESS WGT INJECTED SIDE 
= 850 GM (=7 3%BW) 
(UNTREATED DOG EXCESS= 3 8%BW.) 

3 5*4 B.W OR 409 cc OF 
SALINE GIVEN WAS LOST LOCALLY AT SITE 
OF TRAUMA, OR ONLY 16% OF TOTAL 

Ch\rt 2 — In this typical experiment it is seen that about 37 per cent 
of the blood administered to a traumatized dog leaked out into the local area 
of trauma 
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46 

BEFORE SALINE — 
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32 
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55 




popularized by Bayliss’’'’ (1917) Since then it has been used by many, but 
recently adverse reports as to its toxic effects have been written by Dick, 
Waiweg, and Andersch^® (i 935 ) > Christie, Phatak, and Olney-’’ (1935) , 
Studdiford®” (1937) , HalP® (1938) , CattelP® and associates (1939), and by 
Hendrick, Keeton, and Foley^® (1938) Extensive deposition m the hvei 
IS one of the diawbacks of acacia Acacia may lemain m the body for months 
as shown by Andersch and Gibson** (1934), or even for yeais as demon- 
strated by Keith, Power and Wakefield^*’ (i 935 ) 

In the controlled expeiiments of Buttle-^ and associates (1940) on cats, 
three different samples of gum acacia solution n ere tested Immediate recov- 
ery in all the animals was good, but there was a tendency foi the blood pres- 
sure to fall after the infusion ended and thiee, of the eight animals tested, 
died The fall of blood pressuie may be explained in part by the fact that 
acacia leaves the blood stream easily as claimed by Amberson^ (i937), but 
Buttle-* and associates believe it is more likely due to specific action of the 
gum on the vessels causing dilatation and inci eased capillary permeability as 
originally claimed by Dnnker^s (1927) Buttle^* and his coworkers 
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eluded that “the eflfects of gum-sahne weie much hettei than those of saline 
01 glucose, hut weie not as good as those of whole blood ” 

(4) GCLATIN-SALINL SOLUTION 

This method was used by Hogan'’- (1917) and was lecently levived by 
Chambeis-*’ (1941) in his experimental studies It may piove of value in 
the future 


EXPERIMENT 

TRAUMA + TRANSFUSION (3-1-40) 

DOG WEIGHT = 20 4 K G M 
TRAUMA 4 41 PM 

GIVE 780 cc BLOOD 
DEATH AT I 05 A M 

BLEEDING VOLUME (BLALOCK) = 175 Oa 
(= 0 85 % B W ) 

URINE = 0 

EXCESS W6T TRAUMATIZED SIDE 
= 1150 GM (=5 67. BW) 
(UNTREATED DOG EXCESS* 4.27,BW) 
I 47. BW OR 286 cc OF 
BLOOD GIVEN WAS LOST LOCALLY AT SITE 
OF TRAUMA. OR ONLY 37*4 OF TOTAL 

Chart 3 — In this tjpic-il experiment it is seen thnt ihotit t6 per cent 
of the siline ndministeieci to nu nnesthetued dog nith shock due to sub 
cutTiieons bile injection lenked out into the locil niei of trnunn 
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, (5) AMINO-ACID SOLUTION 

Seveial ai tides lefer to this solution, but since a casein hydiolysate is used 
111 most cases, this will be considered m the next section 

(6) CASEIN DIGESTATE 

Casein is used because it contains all of the ii essential amino-acids 
Elman and Weined’^ (i 939 )> Fan, Emeison, and Futcher'*'* (1940), and 
Elman*®- (1940) in two papeis discussed this mode of therapy Madden, 
Zeldis, Hengeier, Miller, and Whipple*®® (1941) and latei Madden*®® (1941) 
studied the utilization of a casein digestate injected by vein m foimmg plasma 
pioteins By an established technic foi the measuiement of plasma piotein 
pioduction m hypopi otemeinic dogs, these authors determined that an enzy- 
matic (papain) digest of commeicial casein (Lilly) given paienteially is as 
effective m plasma protein production as whole liver by mouth The golden 
jellon gianular material containing 12 5 per cent protein is made into a 5 per 
cent solution and when given either intramusculai ly 01 subcutaneously is 
well-tolerated As much as 16 Gm of the digestate was given in foui min- 
utes These authors concluded that “certain digests given by vein or subcu- 
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taneously pjoiiiofe neiv plasma pioduchon as effectively as piotem fed by 
mouth ’’ (Italics are those of Madden/’® d al ) 

(7) ASCniC FLUID 

Ascitic fluid was used expei imentally in shock tieatment by Davis and 
White'*'" (1938), Choisser and Ramsey-" -® (1938, 1939), and by Mulder, 
Davis, and StieeteD" (1939) This lattei group of authois applied the lyo- 
phile pimciple of ascitic fluid, redissolvmg the diied fluid in water and in- 
jecting It in, usually a tno and one-half times oiigmal concentration Maes 
and Davis'^** (1941) have lecentl^ repoited on the use of ascitic fluid in 22 
transfusions m human beings with good lesults Providing that enough 
ascitic fluid IS available, this method of tieatment may piove of value in the 
f utui e 

Holubec'"'^ (1940) stated that Meeison and Cukanowa (1936) had al- 
leady leported the clinical use of ascitic fluid transfusions 111 60 cases 
Holubec'’'* used as donoi a patient age 42 with mitral stenosis The ascitic 
fluid had a specific gravity of i 019 and was used with good results in com- 
bination with preserved blood in the treatment of five cases of shock 

(8) WHOLE BLOOD 

Papeis on this subject are so numeious that only the leviews of V Ziems- 
seiP'^ (1892), Rossius®" (1925). Doan'*'’’ (1927), Vary**^ (1940), Harkins'*® 
(1941), and Hoxwoith and Skinner'® (1941) will be cited Several types 
of blood are usable 

(a) Diiect Uausfusion — This type of administration is valuable, but its 
practical difficulty outweighs any theoretical advantage it may have In time 
of wai its usefulness is still further narrowed 

(b) Ciliated ]iesh Mood — This blood has great usefulness, but in time 
of war IS not as valuable as 

(c) Ciliated pieseived Mood — ^With modem methods of blood pieserva- 
tion, as discussed in the review of Harkins'*® (1941), this type of blood moie 
than makes up in practicability any theoretical disadvantages it may have 

(d) Placental Mood — ^This type of blood can never be used on the large 
scale demanded by wartime Placental blood samples aie furthermore, fre- 
quently infected 

(e) Cadaver Mood — This method is especially used m Russia by You- 
dme®® (1936) One of us (H N H ) visited Professoi Youdme’s clinic m 
1939 and saw cadavei blood tiansfusions m actual use The reaction rate is 
slightly higliei than with citrated blood and the method also requires a larger 
number of fresh cadavers than is found m a single hospital m practically any 
city 111 this count! y 

Impoitance oj hemoglobin — Anothei point to consider in choosing be- 
tween different methods of shock tieatment is the relative importance of the 
quantitative reduction in blood volume and any qualitative alteiation m the 
patient’s hemoglobin content Brodm and Saint Girons**® (1939) believed 
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that the blood volume decrease and not the anemia is of prime importance 
111 shock Maes and Davis’^® (i94i) have emphasized the relative tinimpoi- 
tance of lack of hemoglobin itself in cases of shock In advocating ascitic 
fluid injections they stated “Despite the fact that ascitic fluid contains no 
hemoglobin, its use in states associated with acute loss of whole blood is 
rational, as in such states theie is usually enough hemoglobin remaining to 
cairy on the lespiiatory functions of the blood Only 3 Gm of hemoglobin 
per 100 cc of blood is necessary to maintain adequate oxygenation m the 
mammalian organism ” To draw a simile, if a traffic jam has inteifered with 
transport of food to a starving town, it is much moie important to enable 
the trucks present to move more rapidly than to add more trucks Thus, if 
m shock the blood flow is reduced to one-fifth normal, increasing the red cells 
by a one-fifth will be only one-twenty-fifth as effective as bringing the blood 
flow up to normal 

Black and Smitlff^ (1941), in discussing the relative merits of whole blood 
and plasma in the treatment of bleeding peptic ulcei, stated “In general 
terms, plasma is contiamdicated when the hemoglobin is less than 50 per 
cent ” Some such compromise course as this would seem to be better than 
advising plasma in all shock cases In the past two years, the pendulum has 
swung so far in the direction of using plasma that surgeons pay more atten- 
tion to what they are injecting than to the needs of the patient There is 
much truth to Strumia’s statement®® (1940) that there is only one emeigency 
condition — carbon monoxide poisoning — in which whole blood has a marked 
advantage ovei plasma, but extremes should be shunned Perhaps the best 
rule for blood substitutes is to actually substitute what is lost Where blood 
IS lost, give blood, where plasma is lost, give plasma 

Table III 

METHODS or CALCULATING TRANSFUSION DOSAGE 

(1) Method of Elkinton Wolff and Lee^” (1940) 

Based on blood concentration and plasma protein 
level Especially applicable to bums 

(2) Method of Bushby Kekwick and Whitby” (1940) 

Comparing the blood concentration before and 
after a test plasma infusion 

(3) Method of Hill“ (1941) 

Companng the blood concentration before and 
after a test cell infusion 

Methods of calculatwg Uansfusion dosage — Several methods have been 
published of accomplishing this in patients without directly determining the 
blood volume The method of Elkinton, Wolff, and Lee^'’ (1940) is espe- 
cially applicable in burns or other instances of pure plasma loss As seen 
from Table III, it depends on observation of the hematocrit and plasma pio- 
tein concentration The method of Bushby, Kelcvtuck, and Whitby®® (1940) is 
also listed in the table HilP^ (i94i) has another method of measuring the 
amount of fluid necessary to give in shock He does this by a simple method 
of calculating the blood volume which is then compared with the normal blood 
volume of a patient of that size The difference between the normal and the 
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actual blood volumes indicates the amount of fluid that it is necessaiy to give 
The initial blood volume is calculated as follows 

BVi = Initial blood volume 
Hbi = Initial hemoglobin of patient’s blood 
Hba = Hemoglobin of infused cell solution 
Hbs = Final hemoglobin of patient’s blood 
c = Volume of cell solution 
c (Hbs - Hba) 

(Hbi-Hbs) 

The moie concentiated the red cell solution is, the more effect a given amount 
will have and the more accurate the computed result will be This method is 
the exact opposite of that of Bushby, Kekwick, and Whitby^^ (1940) The 
cell solution may he hardei to give, but is less apt to leak out and vitiate the 
results 

(9) PLASMA 

Buttle-^ and associates (1940), speaking of a 50 per cent hemoirhage 
stated “In hemoiihage of this degree leplacement of led cells plays no vital 
part in treatment replacement with plasma gives as satisfactory a lesult 
as leplacement with whole blood” In their cat experiments, there were no 
deaths in the plasma tieated series and m all instances the blood pressure not 
only rose to normal but the level was maintained 

Plasma has been used in one foim or another for several years and the 
lesults have been reported by many writers Reference will be made to the 
review by Harkins^® (1941) for foe bibliography, and to the note by Bien- 
nan^® (1941) Plasma is used in several forms, as follows 

(a) Natwal plasma — ^This has the advantage that it can be obtained fiom 
blood banks in large quantities It is especially useful in the treatment of 
bums That the use of plasma is not a new idea is testified by quotation of 
the following letter appearing in the March 9, 1918, number of the British 
Medical Journal 

“Transfusion of Plasma 

"Sir, — I have been reading with interest recent articles in the Journal on blood 
transfusion in casualty clearing stations Apparently one of the chief troubles is the 
question whether or not the recipient’s plasma will haemolyze the corpuscles of the donoi 
“Surely this difficulty might be avoided by not transfusing the corpuscles at all, but 
only citrated plasma, which would be easy to keep and easy to give There is abundant 
clinical and experimental evidence that it is not the corpuscles that are wanted, but the 
ideal fluid for keeping blood pressure at its proper level, and the apparent advantage of 
blood IS, no doubt, due to its permanent value in this respect and to its food value A 
man apparently dying fiom haemorrhage is not dying from lack of haemoglobin, else 
severe cases of anaemia would die long before they do, but from draining away of fluid, 
resulting in devitalization and low blood pressure 

“May I at least recommend a trial of this method, controlled, let us say, by an 
equal number of whole blood transfusions and an equal number of gum acacia (not less 
than 6 per cent ) cases ^ — ^I am, etc , 

“Sevenoaks, March 3 Gordon P Ward, 

Captain RAM C (SR)’’ 
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(b) Reconstituted noiinal plasma — This is plasma that has been dried 
and IS then diluted with watei up to its original concentration Vaughan®- 
(1941) and otheis have pointed out that when such plasma is filtered and 
allowed to stand it tends to clot more than unfiltered plasma The use of 
clued plasma has lecently been leviewed in an editoiial*® in the Lancet (1941) 
and in an article by Haipei'^" and coworkeis (1941) At the Henry Ford 
Hospital, we have used 1 econstituted plasma dried by the rotoi peivapoiator 
of HaitmaiA® (1940) 

(c) Reconstituted concenh ated plasma — This is usually given in four 
times 1101 mal concentration 

(d) Calcificatcd plasma — Clegg and Dilile**” (1940) convert their plasma 
into serum by adding calcium chloiide Experiments on this coiiveision at 
the Henry Fold Hospital indicate that the titration sodium citiate = calcium 
chloride is not always simple and that tins method may lead to uncertain 
results 

(e) Hetei ologous plasma The use of bovine plasma in paiticular has 
been studied by Cohn**^ (1940) and by Wangensteen, Hall, Kremen, and 
Stevens*’’* (1940) Kiemen Hall, Koschnitzke, Stevens, and Wangensteen”- 
(1941) lecently leported on their results with administration of bovine plasma 
intravenously to man The fluid contained 03 per cent sodium citiate and 
20 mg pel cent sulfanilamide as a final concentiation It was given after 
skin tests and giadual desensitization, even in the cases with negative skin 
tests With this material 111 unit doses of 250 cc , 119 patients were treated 
Two cases of shock weie tieated, including a case of bleeding peptic ulcer 
and as much as 2,500 cc was given to thiee cases Theie weie no deaths, 
but thiee anaphylactoid reactions occuiied Savage, Tayloi, and Keys®® 
(1941) studied the sensitivity to various heteiologous plasmas and found that 
dog and fox plasmas cause most reactions m man of those tested (cow goat 
rabbit, sheep hoise, human, dog, and fox) Cow plasma gave no more posi- 
tive skin tests than did human plasma Anothei point of interest was that 
just because a person was sensitive to one plasma did not mean that he vould 
be to those of othei species 


( 10 ) SERUM 

The lelative meiits of seium and plasma are frequently discussed of late 
In geneial, plasma is moie apt to develop fibiin deposits, while serum is said 
to be moie toxic Buttle, Kekwick, and Schweitzer-* (1940) found, in their 
controlled expeiiments on cats 111 which plasma effected lecoveiy, serum 
caused onl} a temporar} impiovement in blood piessure Furtheimore, a 
seveie leaction occuiied in five out of seven cats Such leactions after serum 
Mere noted by Biodie*® (1900) Buttle-’* and associates concluded that “some 
toxic substance absent from plasma evas piesent in seium” Ihe Iiteratuie 
on the question of libeiation of physiologically active substances in serum was 
revieved b} Amlierson^ (i937) who stated “Blood plasma is to be prefeired 
to seium because of the formation, in the latter, of easodilator or constiictor 
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substances pioduced in the act of clotting ” A similai conclusion was i cached 
hy Doair"*' (1927) Biodin and Saint Giions-*’ (i 939 ) ScuddeG' (1940), 
and h} Stiuinia, Wagnei, and Monaghan'^'* (t94o) 

Seiuni as opposed to plasma is not without its suppoiteis, howevei Its 
use IS favoied li) Levinson, Nenwelt, Ruhovits and Necheles'’' (1940), 
Clegg and Dihle"*® (1940). and hy Biown and Mollison" (1940) Concen- 
trated seium was used in hum tieatment hy Ovist®^ (1941) In his recent 
Greensfeldei Lectin e, Blalock^^’ (1941) pointed out that at present the shift 
IS towaid the use of seium 

At piesent, veiy little natuial seium is used and as fai as we aie aware, 
no heteiologous seium has been administeied clinically Mam emphasis has 
been placed upon reconstituted diied seium, eithei 111 the noimal 01 concen- 
tiated form Seium has been used by Aldrich- and associates (1938), Bond 
and AVright^' (1938), LehmaiE*'* (1939), and otheis cited above Biown-’^ 
(1941) was unable to confiim the results of Aldiich- and associates (1938) 
on the value of concentiated seium m nephiosis 

Hill, McMichael, and Shai pey-Schafei (1940) found that, as already 
cited, crystalloid solutions mciease the blood volume only tempoiaiily m 
normal peisons 01 m shocked patients On the othei hand, tliey stated that 
“Seium given mti avenously to noimal people is letained m the cn dilation for 
long pel lods The 1 ise m blood volume depends on the total quantity of pi 0- 
tein added, and is independent of the dilution of the seuim employed,” and 
“Intiavenous seium is veiy eftective m oveicommg ciiculatoiy collapse due 
to diminished blood volume ” 

(ll) RED CELL SOLUTION 

Buttle^"* and associates (1940) injected a led cell suspension into cats m 
then controlled experiments The immediate lecovery aftei tiansfusion was 
good, but the blood pressure tended to fall and respiiation was much dis- 
turbed 111 all experiments Three of the six animals died Rossius®^ (1925) 
repoited that led cells exeit about the same resuscitating power as saline 111 
the treatment of acute hemoirhage It would seem advisable, at piesent, to 
reserve the use of red cells left ovei in blood banks foi tieatment of chronic 
anemic states lathei than of acute traumatic shock Mollison'^® (1941) ad- 
vised against the use of led cell solutions of over seven and one-half million 
cells pel cubic mm because of the factoi of inci eased viscosity 

(12) HEMOGLOBIN-RINGER SOLUTION 

This solution has been mainly used foi expeiimental pin poses Amber 
soiB (1937) stated that it has the following advantages as a blood substitute 
It exerts a high colloidal osmotic piessuie and the dissolved hemoglobin takes 
up oxygen and stimulates hematopoiesis Buttle^^ and his associates (1940) 
used a solution containing 3 7 Gm of oxjdiemoglobm per 100 cc The imme- 
diate lecoveiy of the blood pressure was good, but there iias a tendency for 
It to fall dm mg the peiiod of obseivation and to be highly unstable Respira- 
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tory disturbances were frequent These authors concluded that this solution 
gives uncertain results which aie not as good as those of whole blood, but 
which are better than those obtained with acacia This solution is also apt 
to lead to renal tubular occlusion as shown by Ainbeison (1937), Baker and 
Dodds® (1925) and Aubertin® and his colleagues (1939) The use of 
hemoglobin-Ringer solution in four patients with aneinia was leported by 
O’Shaughnessy, Mansell, and Slome®® (1939) After preliminary alkahniza- 
tion of the urine, amounts of 200, 250, 600, and 1,000 cc of 5 per cent solu- 
tion were given intravenously in an hour or less to foui patients respectively 

CONCLUSIONS 

(1) Saline and glucose solutions are unsuitable for blood substitutes 
because they are lost so quickly from the damaged vessels 

(2) Plasma and serum aie at the present time the best substitutes for 
whole blood and in some cases are bettei than blood itself In cases of 
maiked anemia, whole blood is preferable 

(3) Use of ascitic fluid, bovine plasma, and casein digestates may be of 
value in the near future, but such use is still m the experimental stage 

(4) Adequate dosage computed by the methods outlined in the paper, or 
by similar means, is essential 
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CLINICAL SIGNIFICANCE OF PROTHROMBIN DEFICIENCY 

AND ITS TREATMENT 

John D Stewart, M D 
Boston, Mass 

FROM THE I ^BORVTOrIES OF THE HAR\ MID MEDICAL SCHOOL AT THE M \.SSA.CIIUSETTS GEVEHVL HOSPITVL, 

boston, mass 

The discovery of vitamin K has led to lenewed inteiest in the mechanism 
of blood clotting, a field of study which foi years has baffled many investi- 
gators Indirect methods foi the measuiement of plasma piothiombm con- 
centration have been developed, and as a lesult the clinical impoitance of 
prothrombin deficiency has also been brought under study According to 
cm rent ideas, plasma prothiombm, ionized calcium, and a tissue or platelet 
factoi, thiomboplastin, interact m the first phase of clotting with the foimation 
of thiombm Thrombin then acts upon plasma fibrinogen and fibiin is laid 
down The piocess is known to be influenced by tempeiature, p^j^, electrolyte 
pattern, and colloid content of the medium, as well as the concenti ation of 
the four piimaiy clot factoi s The natuie and mode of action of the physiologic 
anticoagulants is as yet undetei mined, but there is good leason to suppose 
that such substances exist and that then effect may be exeited against eithei 
or both of the two phases of clotting The place of heparin in physiologic 
clot inhibition and the mannei m which it acts aie questions still unansweied, 
though the subject is being intensively investigated 

It has not been detei mined to what extent clotting is an enzyme reaction, 
and, indeed, the natuie of the clotting mechanism must stand in clear relief 
before such intimate analysis will be possible Thei e can be no doubt, howevei , 
that the speed of clotting undei physiologic conditions is directly related to 
the concentration of thiombm The concentration of thiombm fuithei depends 
on the concenti ation of pi othi ombin, though vai lables come into consideration 
at this point The speed of foimation of thiombm fiom piothrombm is influ- 
enced by concentration of thromboplastin, ionized calcium and antiprothi ombic 
agents, and possibly by mheient “convei tibihty ” of the individual’s piothrom- 
bm,^’ “ a rathei vague conception The lapidity of clotting is obviously of the 
utmost impoitance m cletei mining the hemostatic value of the piocess, but a 
neglected subject; of equal or gieatei impoitance, concerns the factoi s affecting 
the quality' of the formed clot Those who have worked with plasma clotting, 
m which the gi oss physical charactei istics of the clot can be readily obsei ved, 
know that the fibiiii mass may be soft and jelly-hke, tough and opaque, adher- 
ent oi slippeiy, granulai, f liable, oi noncontractile These qualities are not nec- 
essanly i elated to the speed of clotting, but probably depend m pait, at least, on 
the concentration and quality of the fibrinogen 
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Methods of Mcasiinng Plasma Piotlnombm Concentration — Though 
knowledge of the coagulation leactions is incomplete, neveitheless, thcie can 
be no doubt about the clinical value of prothiombin deteiminations as pei- 
foimed by recently developed methods As previously noted, these methods 
aie indiiect, foi piothiombin cannot be isolated and weighed, or brought into 
definite measuiable chemical combinations The two methods which, in their 
oiigmal 01 modified foims, have been most wndely used m this countiy aie the 
two-stage titration method of Wainei Biinkhous, and Smith, ^ and Quick’s 

method of measuimg clotting time of plasma in the presence of optimal con- 
centiation of calcium and thromboplastin”’ The fiist is more complicated, 
but lesults in bettei control of the vaiiables and yields moie piecise data The 
twm-stage technic is piefeiable in investigative wmik, while Quick’s method is 
moie practical m conti oiling the admimsti ation of vitamin K clinically 
Quick’s method has been vaiiously modified by using sodium citiate as the 
anticoagulant instead of sodium oxalate, by varying the amount of calcium 
chloride used in recakification, by using thromboplastin fi om diftei ent sources, 
by seiial dilution of the plasma, and by expressing the results m diffeient terms 
It should be borne m mind in using the Quick method that a lineai i elationship 
does not exist betw'eeen prothrombin concenti ation and the plasma clotting 
time, and that it is, theiefore not permissible to convert clotting time directly 
into peicentage of the noimal conti ol value The “bedside method, ’- in which 
the determination is made on fleshly diawn wdiole blood, thus obviating the 
use of anticoagulants and the centiifuge, in the authoi’s expeiience, gives lathei 
vaiiable results, though it yields moie significant inloimation than does the 
oidinaiy determination of clotting time Methods have been proposed foi 
studying the prothiombin content of infants’ blood wdnch avoid the need for 
venepunctuie by using small amounts ot blood from a stab wound, and appar- 
ently such methods yield clinically helpful data ^ ® 

Occur i ence of Pi otJii oinbiii Deficiency — An examination of the knowm 
facts of vitamin K metabolism suggests clinical and experimental states in 
wdnch the normal role of this accessoi y food factoi may be disturbed V itamm 
K occurs naturalljr as a fat-soluble substance or substances, rather wndely 
distributed m leaf}^ green vegetables and m certain animal tissues Its propei 
absoiption, like that of other fat-soluble vitamins, depends on the piesence of 
sufficient amounts of bile salts in the small intestine Absoiption from the 
colon probably does not occui After absoiption from the intestine vitamin K 
conditions, in some as yet unknown mannei, the foimation of prothrombin 
by the liver Piothrombin is a constituent of the plasma globulin, and appar- 
ently both vitamin K and pi othrombin ai e not stoi ed to any significant extent 
in the bod} From this one might expect prothrombin deficiency as a result 
of insufficient intake of vitamin K, lack of bile salts in the intestine wnth or 
wnthout jaundice, impaired absorption of nutrients from the intestine as in 
diarrheal states, and defective digestion and absorption of fat due to lack of 
pancreatic enzjmes In addition, prothrombin deficiency might, theoi etically, 
lie liased on impaiied livei function from intrinsic liver disease, wnth conse- 
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quent failuie in utilization of vitamin K Piothiombin deficiency has in fact 
been encounteied clinically in most, if not all, of these circumstances 

It was discoveied eaily in the investigation of vitamin K that a numbei 
of the common bacteiia, such as E cob, Staphylococcus aweus, B snbbhs, 
the ]\[ycobacteuMm tnbejculosts synthesize the substance^ Bacterial syn- 
thesis of vitamin K was fuithei found to take place nonnally m the intestine of 
mammals and fowls, presumably distal to the mucosal aieas in which absoip- 
tion occurs In the pioduction of K-avitammosis in chicks by dietaiy lestiic- 
tion, Almquist and Stokstad found it necessary to keep the chicks fiom 
access to their di oppings, as othei wise deficiency did not develop These 
points may be of significance m i elation to the occuiience of hypoprothrom- 
binemia in the neiibom befoie the intestinal bacteiial flora has been estab- 
lished, though the mechanism is not entirely cleai 

Piothiombin deficiency is commonly present m obstiuctive jaundice, and 
in this condition pooi absorption of vitamin K and impaiiment of hepatic 
synthetic power may be piesent in combination^^ In a gioup of 50 cases of 
obstiuctive jaundice, which have come under the author’s obseivation at the 
Massachusetts Geneial Hospital, the plasma prothrombin concentration was 
invaiiably 1 educed before tieatment, the aveiage value in the cases of calculous 
obstiuction being 65 pei cent, and in the cases of cai cinomatous obstruction 
45 pel cent In eveiy case, the piothrombin value impioved aftei administra- 
tion of vitamin K paienteially 01 vitamin K and bile salts orally, though the 
patients with calculous obstiuction lespoiided better, probably owing to gieatei 
hepatic functional reserve In a gioup of 112 patients with obstiuctive jaundice 
opeiated upon at the Massachusetts Geneial Hospital during the six-yeai 
peiiod, 1931 to 1936 inclusive, 15 per cent died of massive postoperative 
hemorrhage In the author’s experience, the propei use of vitamin K befoie 
and after ojDeiation, togethei wuth adequate nutritional theiapy, has entirely 
eliminated this hazard, e^en in patients with severe hvei damage and initial 
prothrombin concentiations below 10 per cent 

It has been shown that an immediate postopei ative reduction in plasma 
piothiombin concentration is the rule after operation for obstiuctive jaun- 
dice The reduction may be as great as 30 or 40 pei cent, and occurs 

most commonly wuthm the fiist four days, from wdiich the need for having 
the preoperative pi othi omliin value w^ell above the hemorrhagic zone is appai - 
ent The depiession may follow spinal or local anesthesia, and probably is 
due to the hepatic tiauma and blood loss of opeiation, as ivell as absence of 
piothrombin leseives Aftei opeiations for conditions other than obstructive 
jaundice, and in patients wathout livei disease, postoperative hypoprothrom- 
binemia does not seem to occui In the early experiences wuth the clinical 
use of vitamin K, wdien only the crude alfalfa meal extracts and bile salts w ei e 
available foi 01 al tieatment, the authoi obser\ed twm instances in which 
patients refused to lake the mateiial aftei opeiation foi obstructue jaundice 
The inteiesting point was that following the lesultant massive wound hemoi- 
ihage a further 1 eduction in plasma prothrombin concentration immediately 
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occurred, fiom which one is led to believe that hemorrhage may be a contribu- 
toiy factoi in exhausting a depleted plasma prothrombin content 

Prothrombin deficiency may occur m acute hepatitis, such as “catairhal 
jaundice,” though usually the reduction is model ate The hypopi othrom- 

bmemia is not pi oportionate with the jaundice, and this gives the determina- 
tion value m the dififerential diagnosis of jaundice fiom intiahepatic disease 
and from extrahepatic block In the piogression of acute hepatitis to acute 
yellow atiophy oi liver failuie, however, the plasma prothiombin concentia- 
tion falls to values in the hemoiihagic range, which is below 40 per cent 
Cirrhosis of the hvei may be accompanied by model ate reduction in plasma 
prothrombin concentration, and 111 patients with bleeding esophageal varices 
the value may be less than 40 pei cent It is reasonable to suppose that in 
such cases the clotting defect may be a contributory factor and may lead to 
gross rathei than microscopic bleeding fiom a lesion exposed to constant 
ti auma 

Of special surgical interest is the gioup of cases 111 which toxic hepatitis, 
jaundice, and massive hemorrhage follow operation for peritoneal infections, 
such as perforative appendicitis, luptured peptic ulcei. subdiaphiagmatic 
abscess, and pelvic abscess These complications seem to be more common 
when peritoneal sepsis is of gastro-intestinal oiigin, and determination of 
plasma prothiombin concentration as well as serum piotein concentration 
should be loutinely and periodicall)’^ performed m the care of patients with 
such infection The reduction in plasma prothrombin may develop rapidly 
and to an extreme degree The lesultmg clotting defect may not only cause 
massive hemorrhage fiom operative wounds, but may letard mflammatoiy 
fixation and exudative confinement of the infection 

Reduction in plasma prothrombin concentration may be encountei ed during 
the administration of sulfanilamide, sulfapyi idine and sulfathiazole in the 
treatment of infection These drugs aie known to exeit a toxic effect on the 
liver, and presumably the hj'poprothrombmemia comes from depiession of 
liver function Severe acute infections, however, may lead to reduction in 
plasma prothrombin concenti ation in the absence of chemotherapy, and the 
deficiency may be refiactory to vitamin K treatment Depression 111 plasma 
prothiombin has been obseived to precede jaundice as an early indication of 
hepatitis in the chemotherapy of infections, and the determination should be 
fieely used m the contiol of such therapy At the same time the importance 
of nutritional measures diiected at maintaining hepatic leserve, such as high 
carbohydiate and high vitamin intake and blood transfusions, during the 
management of chemotherapy is brought into focus 

Severe hypoprothrombmemia may develop in chionic external biliary fis- 
tula, if the patient does not take adequate amounts of bile salts orally in 
replacement The authoi has seen near-fatal intracranial hemoirhage in two 
patients who failed to take the prescribed amount of bile salts and vitamin K 
following the surgical formation of external bihai}'^ fistula The patients were 
middle-aged women without ai tei losclei osis 01 hypertension, and m both 
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tlieie was much i eduction m hepatic leseive The prothiombm concentiation 
at the time of hemoiihage was below lo pei cent, and the bleeding was readily 
conti oiled by giving vitamin K paienteially In a third case of complete 
external biliary fistula of 14 months’ duiation, theie was unaccountable absence 
of the bleeding tendency and only model ate 1 eduction in plasma piothrombin, 
even though the patient had had no dietary 01 replacement therapy In this 
connection, it is worth lemembeimg that the bile drained through an external 
fistula 111 the presence of Iivei damage, may have a low bile salt content, and 
hence may have little value in digestion and absorption The cholic acid 
content of such bile should be determined, 01 else ref ceding of the bile should 
not be practiced In any event, cholic acid derivatives m capsule or tablet 
form are mucb more easily taken than a bactei la-laden, nauseating liquid 

Some doubt exists as to whether prothiombm deficiency can occur m man 
purely on the basis of insufficient intake of foods containing vitamin K 
Scaiboiougb concluded from a study of 18 patients showing outspoken evi- 
dence of scurvy, beriberi, 01 pellagra that the prothrombin values in the plasma 
were normal as determined by Quick’s method On the othei hand, Kaik 
and Loznei,^® m studying four patients with clinical hypovitammoses, found 
loM plasma prothiombm values by a method of serial dilution of the unknown 
plasma with prepared pi othi ombin-f 1 ee normal plasma The question is 
rendered difficult by uiicei tamties as to Iivei function, bile salt excretion, and 
alterations in mucosal absorbing power in patients suffer mg from severe nutri- 
tional disturbances In the author’s experience, patients undergoing elective 
surgical operation and wuthout clinical evidence of malnutrition frequently 
show^ moderately reduced plasma prothiombm values both by the method of 
Warner, Bnnkhous, and Smith, and by Quick’s method For this reason 
normal control plasma must be selected with care It remains to be shown, 
however, that a clinically significant degree of hypopiothiombinemia occurs 
in man pui ely from vitamin K lack 

Failure in absorption of vitamin K is to be expected in any condition 
in which the digestion and absorption of fat is seriously impaired Idio- 
pathic steatorrhea wuthout evidence of liver disease may lead to spontaneous 
hemorrhage and hypocalcemic tetany fiom lack of vitamin K and vitamin 
D Pi olonged hypei activity of the intestine may result in prothrombin 

deficiency from poor absoiption of vitamin K, as m cbionic ulceiative coh- 
l-jg 28, 19, 21 Followung parenteral injection of vitamin K in this condition, 
improvement in prothiombm concentration and diminution in bleeding from 
colonic ulcer s has been observed 

There is abundant evidence now^ on record indicating the importance of 
prothiombm deficiency as a factor m hemorrhagic disease of the new- 
born-- Bnnkhous, Smith, and Warner obseived a uniform reduc- 

tion in the plasma piotbiombm levels in the newborn and throughout 
infancy -- Dm mg the first ii days, values ranging from 26 to 44 per cent of 
noimal w^ere found, and thereafter there w^as a gradual rise until a nearly 
normal level w^as reached at the end of ten and one-half months Maternal 
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piothiombin values, befoie and aftei delivery, were noimal As detei mined 
by Quick’s metbod, plasma piotbiombm in tbe newborn is apparently less 
commonly found i educed,-'* tbougb piolongation of tbe protbiombm time can 
often be demonstrated fiom tbe first to the sixth day The discrepancy m tbe 
findings by tbe two methods has led to tbe suggestion that the available pio- 
thrombin in the newborn has a higher “con\eitibibty” than m the adult,-® 
which would tend to compensate foi the deficiency in the newborn Mounting 
clinical evidence leaves no doubt as to the existence of piofound hypopio- 
thiombinemia m the newborn with hemonhagic disease, and the response to 
the paienteial administration of vitamin K is diamatic and lifesaving The 
rapidity of i espouse suggests that the cause of the deficiency is lack of vitamin 
K lathei than primary hepatic dysfunction, though the pathogenesis of the 
condition lequires furthei study Of similai significance is the finding that 
plasma prothrombin values in the newboin are much highei than average if 
the mothei is given vitamin K before dehvei}', and this is tiue even if the 
maternal plasma prothrombin concentiation is normal before the admmistiation 
of vitamin K 

Hemorrhagic states into the etiology of which prothrombm-lack does not 
enter are thrombocytopenic purpura, hemonhagic letmitis, aplastic anemia, 
leukemia, polycythemia vera, hemophilia, and multiple congenital telangiec- 
tases ^ In any case of bleeding of doubtful etiology, the prothiombm 
concentiation of the plasma should be determined, but if the value is within 
normal limits no benefit is to be expected from vitamin K therapy 

Effects of Pi otiu oiubin Deficiency — It should be home in mind that the 
extent of hemorihage resulting fiom tissue tiauina depends on the summation 
of opposing reactions The cross-sectional area of the wound in the vasculai 
bed, the size and contractility of the vessels laid open, the mobility and tem- 
peratuie of the part, the force of the blood piessuie, and the richness of the 
local tissue thromboplastin supply aie variables independent of the quality of 
the ciiculatmg blood, which, nevertheless, influence the success of the hemo- 
static process Fiom these consideiations, it is clear that the clinical mani- 
testations of piothiombin deficiency may be expected to vary greatly Given 
cilisolute freedom from injuiy, no demand would be made on the hemostatic 
defenses, and complete absence of plasma prothrombin might pass unnoticed 
The patient with obstructive jaundice and severel}' i educed plasma protbrom- 
bin concentration may get along without seiious hemoirhage until surgical 
incision IS made m the abdominal wall, as was repeatedly shown m clinical 
expel lence before the discovery of vitamin K Likewise, the dangei of 
hemorrhage from a lesion constantly exposed to tiauma, such as duodenal 
ulcer, ulceis of chronic ulcerative colitis, and esophageal varices becomes 
greater as the clotting mechanism is ci ippled by lowering of plasma prothrom- 
bin concentration 

It IS of mteiest to considei the repoited sites of hemorrhage following 
operation in patients with obstructive jaundice treated before vitamin K was 
discoveied This is the group of patients in whom prothrombin deficiency is 
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most constant and seveie, foi a combination of etiologic factois is at Avoik, 
such as lack of bile salts m the intestine, mtiinsic livei damage, infection and, 
often, inadequate dietaiy intake Bleeding into excoiiated skin, nosebleeds, 
and bleeding fiom gums weie not unusual Seveie postopeiative bleeding, 
howevei, occuiied into the wound, the gasti o-mtestinal tiact, the peiitoneal 
and pleuial cavities, skeletal muscles, the uiinary passages, and sometimes 
into the uteiine canal Hemoptysis and hemaithrosis weie laie 

In a gioup of untieated patients with obstiuctive jaundice which came 
undei the authoi’s observation during the past three yeais, tests foi blood 
m the stools weie fiecjuently positive In nine of 22 patients with calculous 
obstruction of the common duct, and in 13 of 22 with neoplastic obstiuction 
the guaiac test on the stools was strongly positive, and the test became negative 
undei vitamin K theiapy hefoie operation, coincident with impiovement m 
plasma prothrombin concentration No ulcerations weie visible 111 loent- 
genologic studies of the gastro-intestinal tiact, so one is led to suppose that 
the bleeding was fiom small excoriations of the mucosa 

Petechial hemorrhage is uncommon in prothiombin deficiency, though 
small hemoirhages into cutaneous abrasions pioduced by sciatching aie 
fiequently present in patients with obstructive jaundice Numeious and large 
ecchymotic aieas weie observed ovei the trunk in a patient with idiopathic 
steatoiihea and plasma piothrombin values below 15 pei cent Epistaxis and 
bleeding from the gums may occui 111 prothi ombin-lack Refei ence has ah eady 
been made to two patients with chionic external bihaiy fistula who had seveie 
inti acranial hemorrhages as a lesult of neglecting bile salt and vitamin K 
therapy The author has seen hemoptysis from lung abscess and utei me hem- 
01 ihage from hyperplastic endometntis associated with plasma piothiombm 
concenti ations of 65 to 75 per cent, but the impoitance of the hypopi othroni- 
bmemia m such cases is open to question A group of 30 patients with chronic 
pulmonaiy tuberculosis weie found to have model ate hypoprothrombmemia, 
but the values were no lowei in the patients having hemoptysis Bleeding 
into the urinary tract is laie in piothrombm-lack in the absence of adequate 
local causes, but such clotting deficiency may peihaps occasionally be a con- 
tiibutoiy factoi 

A consideiation, possibly of gieat importance, is the idle of plasma 
piothiombm in resistance to infection The thrombosis of lymphatics and 
capillaiies at the boundaiy of an inflammatoiy piocess and the coagulation 
of plasma exudate in the region presumably would be impaii ed by prothrombin 
deficiency, although the diiect conversion of fibiinogen into fibiin by bacteiial 
01 inflammatoiy products might opeiate in compensation When large blood 
vessels become involved in advancing necrotizing infections, the 1 apid foi ma- 
tion and oiganization of a firm thrombus in 1 espouse to endo-artei itis is of 
lifesaving impoi tance 

The characteiistic peiitoneal reaction to tiauma is capillai} dilatation and 
transudation of plasma, with the formation of a plastic exudate The surgeon’s 
sutuie line aftei gasti o-intestmal operation is quickl) sealed over m this 
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mannei , thus initiating fibroblastic healing, and at the same tune preventing 
bacterial leakage The efficiency of this reaction, on which the safety of 
abdominal suigeiy depends, piobably is influenced by vaiious factors, but of 
unquestionable impoitance is the plasma content of piothioinbin and fibrinogen 
The foiination of excessive peiitoneal adhesions after peiitoneal tiauma may 
arise in factois which exaggeiate this vital protective piocess 

Hypei pi oth) oinbinemia — The possible occuiience of hyperpi othroinbi- 
nemia, either spontaneously or in i espouse to vitamin K therapy, has been 
subjected to study In examining normal individuals and a large number of 
patients with a variety of diseases, the author has seen only three instances m 
which the plasma piothiombin concentration, as determined by a slightly 
modified two-stage method,-® was above no per cent In one of these patients 
dehydration was present, as evidenced by elevated plasma protein concentra- 
tion, and this was adequate explanation for the hyperprothiombinemia The 
other two patients were afflicted with a tendency to recurient thromboses of 
peiipheial veins without any satisfactory explanation It is possible that in 
the lattei patients a hyperactive clotting mechanism was of pathologic 
importance There appeals to be no dangei of producing hyperprothiom- 
binemia from administei mg excess of vitamin K and, of course, it is generally 
true of vitamin therapy that many times the effective dose can be taken without 
harm The author has given convalescent surgical patients with normal 
prothrombin values up to ten times the effective oral dose of vitamin K with- 
out ill effects and without ele\ating the plasma piothiombin concentration 
above lOO per cent 

Piothiombtn Dctcnmnation as a Ltvci Function Test — Since plasma 
piothrombin is formed chiefly if not entiiely in the liver, it is not surprising 
that factors interfering with hepatic function result m depiession of the plasma 
piothrombin concentiation Experimental and clinical evidence indicates that 
reduction in the prothrombin value may be an early and sensitive index of 
decline in hepatic reserve^'* After chloroform anesthesia m patients or in 
animals, the first detectable sign of the hepatotoxic action of the drug is a 
sharp reduction in plasma prothrombin concentration ® In patients with 
h} popi othi ombinemia, the improvement m the prothrombin value following 
a single adequate dose of water-soluble vitamin K given parenterallj^ may be 
used as a liver function test In patients with liver failure and prothrombin 
deficiency massive doses of vitamin K given parenterally or orally with bile 
salts may be without benefit, though complete absence of i espouse indicates 
exti emely severe hepatic change Intercuri ent infection such as pneumonia 
or cholangitis, may pioduce immediate lowering of plasma piothiombin con- 
centration in a patient receiving a daily adequate dosage of vitamin K 
The lability of plasma prothrombin concentration makes it important to deter- 
mine the value frequentlj' and regularlj^ in the management of cases of obstruc- 
tive jaundice 

Ti catment of Pi othi onibin Deficiency — Before the isolation and identifica- 
tion of the chemical nature of vitamin K m 1939, only crude extracts obtained 
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from spinach, alfalfa meal, putiefied fish meal, etc , were available foi use in 
tieatment The crude extract was given orally with bile salts, and the efficacy 
of the theiapy is attested to by many clinical and expei imental data Through 
the effoits of Dam,^^- Almquist,^^’ Doisy and his colleagues,^®' 
Fiesei®®’ and others, a number of 1,4-naphthoqunione deiivatives have been 
shown to have high vitamin K potency when given m chemically pure foini 
Vitamin K activity is found m vaiious natuially occuiiing mono- oi di-alkyl 
1,4-naphthoquinone compounds, including vitamin Ki deiived fiom spinach 
and vitamin Ko fi om putrefying fish meal One of the most potent vitamin K 
substances studied to date is 2-methyl-i, 4-naphthoquinone, and there is a 
glowing tendency to expiess the value of other materials in teims of this 
substance, lather than in the unceitain and vaiiable units pioposed earliei by 
different investigatoi s 

The known naturally occunmg vitamin K substances aie fat-soluble, and 
clinical needs led to a seaich for water-soluble substances which could be 
more easily admnnsteied A number of water-soluble, highly potent com- 
pounds have been identified, as lecently described by Fiesei, Tishlei, and 
Sampson These substances can be injected m aqueous solution, 01 they 
can be given 01 ally, and they aie absoibed fiom the gasti o-intestmal tract in 
the absence of bile salts All the known fat-soluble and watei -soluble 

compounds with vitamin K activity have low toxicity, as shown by extensive 
studies on small animals and m the clinic 

The following methods are available in the administration of vitamin K to 
patients 

( 1 ) Crude exti acts may be given by mouth, together with bile salts 

(2) Synthetic fat-soluble vitamin K (2-methyl-i,4-naphthoqumone) 
may be given by mouth togethei with bile salts 

(3) Synthetic fat-soluble vitamin K in oil may be steiilized and injected 
intiamuscularly 

(4) Synthetic watei -soluble vitamin K may be administered by mouth 

(5) Synthetic watei -soluble vitamin K may be steiilized and injected 
subcutaneously, inti amusculai ly , or inti avenously 

In most instances wheie the fat-soluble synthetic prepaiation oi the crude 
extiacts aie given by mouth, bile salts also should be admimsteied, for even 
in the absence of jaundice the absorption of the fat-soluble material fiom the 
intestines may be facilitated by additional quantities of bile salts An ade- 
quate daily dose is 2 to 4 mg of 2-methyl-i,4-naphtboquinone or an equivalent 
amount of one of the other pi epai ations, and it has been found that much 
laigei doses aie of no avail if no improvement m the piothiombin concentration 
follows doses of this size If bile salts are also being given i to 2 Gm per day 
IS sufficient In patients u ith severe hvei damage, the authoi prefers to give 
Mtainin K paienteially and avoid the administiation of bile salts In urgent 
need, as in the presence of active hemonhage Mtamin K should be adminis- 
tered paienteially, and the 1 espouse occurs uithin a few hours For patients 
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who ai e vomiting, oi in whom uncei tamty as to absorption exists, the paren- 
teral route should be used 

In the authoi’s experience, hypopiothrombmemia refractoiy to vitamin K 
tieatment may be encounteied m two gioups of patients As already noted, 
liver function may be reduced to such a point that vitamin K is not properly 
utilized no matter how genei ous the supply, or how it is administered 
Theie is also a gioup of patients with chionic, severe sepsis, such as pyelo- 
nephiitis, osteomyelitis, oi subdiaphiaginatic abscess, m whom prothrombin 
deficiency of model ate degiee may exist, and m these patients the deficiency 
may not respond to vitamin K therapy In such conditions, blood transfusions 
aie m order, and fiesb lathei than “bank” blood should be used The 

average blood tiansfusion of 500 cc may be expected to efifect a transitory 
rise m the adult patient’s plasma piothrombm concentration of about 10 per 
cent 

Since the formation of plasma piothrombm is a function of the liver, it 
should be borne m mind that an essential part of treatment of prothrombin 
deficiency consists m the measuies known to influence livei function favoi- 
ably A high intake of carbohydiate and the pioper kind of protein is impor- 
tant, as w^ell as a high vitamin intake The fluid and electrolyte needs of the 
patient must be caiefully met In connection wnth surgical operation, the 
pi opei choice of tune and anesthesia, and the division of the necessary surgical 
trauma by two-stage piocedures in certain cases are matters foi careful con- 
sideiation, if depleted hepatic leseive is not to be tatally ovei taxed 
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THE TREATIMENT OF FRACTURES OF THE HUMERUS BY MEANS 
OF A HANGING PLASTER CASE— “HANGING CAST”=^ 

A D LaFerte, M D , AND P David Nutter, M D 

Detroit, Mich 

FBOM THE DEPARTMENT OP BONE AND JOINT SDRGBRT CITY OF DETROIT RECEIMNG HOSPITAE, 

MAINE DNIIERSITI VFDICAE COLEEGE, DETROIT, MICH 

Since 1935, the majority of fiactures of the neck and shaft of the 
humerus have been tieated routinely on the Bone and Joint Service of Re- 
ceiving Hospital by the hanging plastei case 

This encasement was first advocated by Di J A Caldwell m 1933 for 
treatment of some fractures of the shaft of the humerus 

The hanging plastei case consists, simply, of a circular plaster bandage 
V Inch encases the uppei exti emity from its upper third to the wrist , it holds 
the elbow m 90° flexion, and is suspended from the neck by a sling 

The plaster bandage is applied with the patient either sitting or recumbent 
as convenient or as condition of the patient peimits, the elbow flexed to a right 
angle, with the foieaim held in midpionation An adequate length of stockin- 
ette IS pulled over the arm, and a strip of saddlers’ felt, one inch in width, is 
made to enciicle the wiist just above the ulnar styloid The plastei bandage is 
applied either with no other padding or with a few turns of flannel bandage 
For adults, four lolls of plaster, foui inches by six yards, are used, 
while three lolls aie used foi childien 

A loop for a sling is made just above the wiist on the upper surface of 
the encasement by a few turns of the last bandage applied This loop can 
be applied either slightly medialward or lateralward to the midline of the 
upper suiface of the encasement to help correct inward or outward angula- 
tion of the lower fragment (Fig i) 

Lateral angulation can be readily coirected by a wedge made of felt, 
plaster, sponge lubber, or sheet cotton covered with plaster, placed on the 
inner side of the elbow (Fig 2) In some cases of fractuies of the humeral 
neck with medial bowing, we have found a loll of sponge rubber, two and 
one-half inches in diameter, placed high m the axilla and fixed to the encase- 
ment, very effective in coriectmg this deformity (Fig 3) 

The plaster bandage is usually applied after roentgenologic examination 
However, when the patient’s general condition is not good, or the fragments 
aie found to be in an unsatisfactoiy position for this method of treatment, 
these difficulties are first lectified before the encasement is applied 

The patient is instiucted after application of the hanging plaster case 
to allow the arm to swing freely at his side at all times Many patients have 
an inclination to rest the elbow on the aim of a chair or some convenient 
object when sitting This is contraiy to the mam purpose of the encasement 

Since submitting this article we have the results on an additional seventj -six cases 
which, including those described in an earlier issue elsewhere, make a total of two hun- 
dred and fifty-three cases treated in the Bone and Joint Department of the Receiving 
Hospital, Detroit, Michigan 
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which IS ti action by giavity This difficulty is greatly lessened when the 
patient is made to lealize the pimciple of this method of tieatment, and that 



Fig I — The hanging case showing suspension loop Fic 2 — Showing the sponge rubber roll in posi 

tion, m order to correct lateral angulation 



Fig 3 — Showing the felt roll in 
position in order to correct medial dis 
placement of the lower fragment 


his chances for a good result depend wholly 
on his full cooperation 

Some patients find it moie comfortable 
to sleep sitting in a chair for the first week 
or so , others use a back rest which permits 
the aim to swing as fiee as when in the 
erect position The remainder sleep satis- 
factorily with upper aim either resting on 
a pillow or with the whole arm placed 
acioss the chest 

Active motion of the wrist and hand 
has been encouraged from the beginning 
The patient is instructed to lean forward 
and let the shoulder swing in circular mo- 
tions several times a day These passive 
movements are sufficient to preserve con- 
sideiable free motion at the shoulder joint 
until active motion can be safely instituted 
After a few days active motion is allowed 
in the antei oposterior plane Whenevei 
moderate callus formation can be demon- 


stiated 1 oentgenologicalty, active abduction is encouraged 

Roentgenograms are taken two oi three days aftei application of the 
encasement to deteimine the position of the fragments, and if necessary, 
adjustments aie then made From then on until union is adequate to allow 
removal of the encasement, check-up loentgenograms are taken at two-week 
intervals 
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Fiactuies of the humeuis consideiecl unsuitable foi tieatment by the 
banging plastei case aie those that involve the condyles oi supi acondylai 
area, badly comminuted fiactuies of the bead with pool position of the 
fiagments, those of the head and neck associated with dislocation at the 
shoulder joint, and fiactuies of the gi eater tuberosity with displacement 
These aie tieated by othei methods and none aie included in this series 
Since the hist lepoit of the lesults obtained in 58 cases tieated by the 
hanging plastei case in Receiving Hospital by the senioi author and Di 
M G Rosenbaum, in 1937, the final results of 119 additional cases of the 
Bone and Joint Seivice have been observed This bungs the total number 
of cases, followed from the time the}’’ weie fiist seen 111 the clinic to then 
dischaige, up to 177 

This, ho\ievei, does not include all cases of the Bone and Joint Seivice 
that weie tieated by this method Many of these patients failed to return to 
the clinic foi check-up examinations, a numbei weie tiansfeiied to other 
hospitals, 01 dischaiged to the caie of then family physician, consequently, 
making it impossible foi us to check the end-results 

For unifoimity in lecoiding lesults, the same classification of fractuies 
and teims used to desciihe the final lesults obtained in the 58 cases of the 
fiist lepoit aie again used This classification is based upon the loentgeno- 
giaphic findings of the injuiy when fiist seen (i) Fiactuies of the upper 
thud of the humeius — (a) in good 01 fair position, (b) in poor position 
(2) Fiactuies of the middle and lowei thuds of the humerus — (a) in good 
01 fair position, (b) 111 pooi position 

The final results of shouldei function procured upon lemoval of the 
encasement 01 discontinuance of physiotherapy were designated by the teims 
“excellent,” “good,” “fan,” and “poor” “Excellent” denotes a shoulder 
which functions almost as well as before injury Active shoulder abduction 
to 90° with only slight limitation of external lotation is teimed “good” A 
less degree of function is “fan ” “Poor” indicates only slight motion 

Theie Aveie 49 fiactuies of the upper third of the humerus in good or 
fail position (Table I) Of these, the youngest patient was seven years of 
age and the oldest 85 Hanging plastei encasements iveie applied in all cases 
in this gioup ivithout any pievious manipulation In all, except foui cases 
(Cases 4, 8, 12, and 34) the encasements weie put on fiom a few hours 
to five days following the injuiy (Figs 4 and 5) 

Case 4 stiff eied fiom a head injury leceived at the time of the aim 
injuiy She lemained in bed for twm wrecks wuth the injured arm strapped 
to her side while convalescing from the skull injuiy 

Cases 8 and 12 w^eie compound fiactuies Case 8 remained in bed foi 
the fiist five days wnth the aim m skin ti action and a Thomas aim splint 
Case 12 w^as complicated by an injuiy to the radial nerve and severe hemor- 
ihage A Kiischner wme w'as mseited thiough the olecianon fiom w^liich a 
five-pound w^eight w'as suspended for the fiist 16 days 
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Table I 

SUMMARl or FRACTURES OF THE UPPER THIRD OF THE HUMERUS INCLUDING THE SURGICAL NECK — 

IN GOOD OR FAIR POSITION 

Number 




Age 

Sex 

Type of 

Date of 

Encase- 

ment 

of Weeks 
in En- 

Final 

Physio 

Function of 

Case No 

Fracture 

Injury 

Applied 

casement 

X ray 

therapy 

Shoulder 

I 

A B 

70 

F 

Oblique 

I- 2-37 

I- 2-37 

7 

Excellent 

For 4 wks 

Exeellent 

2 

E S 

57 

P 

Irregular 

transverse 

1-14-37 

1-14-37 

6 

Excellent 

No 

Excellent 

3 

J T 

67 

F 

Oblique 

comminuted 

1-23-37 

1-23-37 

6 

Good 

No 

Excellent 

4 

I J 

70 

P 

Irregular 

oblique 

2- 1-37 

2-1 5-37 

6 

Good 

No 

Good 

5 

R L 

45 

M 

Oblique 

2- 1-37 

2- 1-37 

4 

Excellent 

No 

Excellent 

6 

A B 

54 

M 

Oblique 

2- 5-37 

2- 6-37 

5 

Excellent 

No 

Excellent 

7 

J P 

44 

M 

Transverse 

2- 5-37 

2- 5-37 

6 

Excellent 

No 

Excellent 

8 

H C 

27 

M 

Spiral 

comminuted 

2- 6-37 

2-1 1-37 

6 

Excellent 

No 

Excellent 

9 

M K 

l6 

F 

Transverse 

2-13-37 

2-16-37 

5 

Excellent 

No 

Excellent 

10 

L C 

32 

F 

Oblique 

2-22-37 

2-25-37 

6 

Excellent 

No 

Excellent 

II 

J H 

10 

M 

Irregular 

transverse 

3-13-37 

3-13-37 

5 

Good 

No 

Excellent 

12 

C K 

58 

F 

Oblique 

comminuted 

4- 8-37 

4-24-37 

4 

Good 

No 

Good 

13 

M J 

45 

F 

Oblique 

4- 9-37 

4- 9-37 

7 

Excellent 

For 2 v ks 

Excellent 

14 

V M 

52 

F 

Oblique 

comminuted 

5- 3-37 

5- 3-37 

6 

Excellent 

For I mo 

Good 

IS 

D B 

9 

F 

Oblique 

5- 6-37 

5- 6-37 

5 

Excellent 

No 

Normal 

l6 

M 0 

60 

F 

Transverse 

5-31-37 

6- 1-37 

7 

Excellent 

No 

Excellent 

17 

V H 

40 

M 

Spiral 

oblique 

6-13-37 

6-15-37 

5 

Good 

No 

Good 

I8 

M B 

68 

M 

Transverse 

7- 9-37 

7- 9-37 

4 

Excellent 

No 

Excellent 

19 

A M 

79 

F 

Irregular 

transverse 

7-26-37 

7-26-37 

7 

Fair 

No 

Good 

20 

R R 

82 

M 

Oblique 

8-21-37 

8-22-37 

8 

Excellent 

No 

Excellent 

21 

J s 

7 

M 

Transverse 

9-15-37 

9-IS-37 

5 

Excellent 

No 

Normal 

22 

J R 

60 

M 

Oblique 

9-22-37 

9-22-37 

7 

Excellent 

No 

Excellent 

23 

A J 

21 

M 

Oblique 

comminuted 

2-27-38 

3- 1-38 

9 

Excellent 

No 

Excellent 

24 

I J 

60 

M 

Irregular 

transverse 

4-19-37 

4-19-37 

6 

Excellent 

No 

Excellent 

2S 

H C 

64 

M 

Oblique 

S-I4-38 

S-14-38 

6 

Excellent 

No 

Excellent 

26 

W Y 

66 

M 

Spiral 

oblique 

7-19-38 

7-19-38 

12 

Excellent 

No 

Good 

27 

R M 

IS 

F 

Oblique 

S-IO-38 

8-10-38 

4 

Excellent 

No 

Normal 

28 

M B 

47 

F 

Oblique 

10- 7-38 

10- 7-38 

8 

Excellent 

For 2 wks 

Excellent 

29 

G S 

61 

M 

Transverse 

12- s-38 

12- 5-38 

6 

Excellent 

No 

Excellent 

30 

M D 

S3 

M 

Oblique 

12-24-38 

12-24-38 

6 

Excellent 

No 

Excellent 

31 

L R 

47 

M 

Oblique 

1-14-39 

I-14-39 

5 

Good 

No 

Excellent 

32 

S B 

68 

F 

Oblique 

2-17-39 

2-17-39 

5 

Excellent 

No 

Excellent 

33 

M R 

55 

F 

Transverse 

2-17-39 

2-18-39 

4 

Excellent 

For 2 wks 

Excellent 

34 

J s 

67 

M 

Irregular 

oblique 

3-18-39 

3-24-39 

5 

Excellent 

No 

Excellent 

35 

J L 

43 

M 

Transverse 

comminuted 

3-19-39 

3-19-39 

7 

Good 

No 

Fair 

36 

G B 

13 

M 

Epiphyseal 

separation 

5-13-39 

5-13-39 

4 

Excellent 

No 

Excellent 

37 

A R 

8 

M 

Transverse 

5-27-39 

5-27-39 

5 

Excellent 

No 

Excellent 

38 

C M 

35 

F 

Transverse 

impacted 

6-17-39 

6-17-39 

7 

Excellent 

No 

Excel' ent 

39 

D M 

IS 

M 

Oblique 

6-24-39 

6-24-39 

6 

Excellent 

No 

Excellent 

40 

F K 

67 

M 

Oblique 

comminuted 

7- 5-39 

7- 5-39 

10 

Good 

No 

Good 

41 

M P 

10 

F 

1 ransverse 

7- 8-39 

7- 8-39 

5 

Excellent 

No 

Exce'lent 

42 

J L 

70 

M 

Oblique 

7-25-39 

7-26-39 

6 

Excellent 

No 

Excellent 

43 

L S 

39 

F 

Oblique 

comminuted 

8-26-39 

8-29-39 

7 

Excellent 

No 

Excellent 

44 

M Y 

37 

M 

Shattenng 

9- 3-39 

9- 3-39 

14 

Excellent 

No 

Good 

45 

J P 

31 

M 

Oblique 

comminuted 

9-1 1-39 

9-11-39 

9 

Excellent 

No 

Excellent 

46 

S M 

IS 

M 

Oblique 

9-26-39 

9-26-39 

5 

Excellent 

No 

Excellent 

47 

H 

36 

M 

Oblique 

10-13-39 

10-14-39 

5 

Excellent 

No 

Excellent 

48 

C H 

II 

b 

Oblique 

12-13-39 

12-13-39 

6 

Excellent 

No 

Excellent 

49 

D E 

85 

F 

Oblique 

I- 6-40 

I- 6-40 

922 

7 

Excellent 

No 

Excellent 
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Fig 4 — Roentgenogram of a fracture of the 
surgical neck of the humerus befoie application of 
the hanging case 



Fig s — Roentgenogram of the same pa 
tient shown in Figure 4 two dajs after the 
application of the hanging case 


Case 34 suffeied from delirium tiemens which necessitated lestraming 
the patient m bed for eight days Dining this time the fiactured aim was 
strapped to his side 

Five of the 49 patients in Group i had compound tractmes (Cases 8, 
12, 23, 44 and 45) All were gunshot wounds except Case 12 Case 35 was 
a fractuie thiough a bone C3'st m the uppei third of the shaft of the humeius 
Healing of the fiacture did not lesult in the disappeai ance of the cyst 
The length of time that the encasement was left on in this gioup ranged 
from 4 to 14 weeks, the aveiage time being about six and one-half weeks 
Union was prompt in all fractuies except Case 44 This had a badly shat- 
tered fracture caused b)' a gunshot wound, which requned 14 weeks befoie 
union became sufficient to permit removal of the encasement 

Excellent function of the shouldei was obtained in 40 cases Eight 
patients obtained only 90° shoulder abduction One patient (Case 35) was 
very uncoopei ative from the beginning, and peisistently lenioved the sling 
from his neck and earned the arm buttoned inside his shut When last seen 
three months aftei removal of his encasement, he had onl}'- 60° shouldei 
abduction This probabl)' could have been impioved Iw physiotheiapy, but 
the patient refused tieatment 

Table II summarizes the study of 23 fiactures of the uppei third of the 
humerus which were m pool position as shown 1 oentgenologically The 
)mungest age was age 10, and the oldest 76 In many the deformity was 
apparent on physical examination In 1 1 cases the shaft was displaced 
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Number of Function of 

Encasement Weeks in Elbo^\ and 

Tvne of Fracture Date of Iniury Applied Encasement Pinal X-ray Physiotherapy Shoulder Cosmetic Result 
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medially to the head, fom of these weie overriding Foui had the shafts 
displaced lateially, while in two cases the humeral head was markedly lo- 
tated 

Thirteen patients had encasements applied without any pievious attempt 
at reduction In thiee of these cases, a sponge lubbei roll, placed high in 
the axilla, coirected the medial displacement of the shaft Seven were suc- 
cessfully 1 educed before application of the encasement by manipulation under 
fluoiscopic contiol Two had general anesthesia, while one had a local anes- 
thetic , four wei e seen early and wei e manipulated without anesthesia 

In Case 67, impaction was bioken up, and lateial angulation collected 
undei general anesthesia A check-up roentgenogram, taken two weeks latei, 
showed the humeral shaft to be displaced medialwaid The hanging plastei 
case was then removed, and the fracture reduced by a second manipulation 
under general anesthesia Reduction Avas successfully maintained by skin 
traction to the uppei arm, with the elbow flexed to 90° Traction was dis- 
continued aftei two weeks and a second encasement was applied 

In this gioup, exclusive of those fractures that were treated by open 
1 eduction 01 by ti action befoie application of the encasement, an average 
peiiod of six weeks was spent in the plaster case 

Excellent shoulder function was obtained m 18 cases Three cases had 
limitation of shouldei abduction to 90° Cases 50 and 64, which had open 
1 eductions, obtained 60° and 80° abduction, respectively Physiotherapy for 
two weeks in Case 50 did not effect any nnpi ovement 

Table III summarizes the data of 19 patients who sustained fiactures of 
the middle and lowei thirds of the humerus, with little 01 no displacement 
Their ages vaiied from eight to 66 years 

Plaster encasements weie applied ovei a period ranging from a few 
houis to foui days following injury, except m four cases (Cases 82, 83, 84, 
and 85) Manipulative and other corrective proceduies were not necessary 
Deliiium tremens 111 Case 82 caused a nine-day dela}'^ m application of 
the encasement Case 83, when admitted to the hospital, had a delayed union 
of a fiactuie sustained approximately eight months previously This patient, 
affected by a mental deiangement, was deemed a pool operative risk How- 
evei, aftei ten weeks’ treatment in a hanging plastei case union was solid 
Case 84 had a skull fiacture m addition to the humeral fracture He was 
placed in skin traction foi 14 days, followed by the hanging plastei case 
Case 85 was a gunshot AA'Ound After debiidement and closuie, skeletal 
traction thiough the olecranon was applied Aftei thiee veeks skeletal ti ac- 
tion was discontinued and the arm tieated with a hanging plaster case 
The aveiage length of time of treatment with the hanging case in this 
group, exclusive of those in aaIucIi theie was delay of more than foui days 
before application of the encasement, was approximately six weeks 

Unifoimly, excellent functional and cosmetic results ivere obtained in 
this group Only one patient had limitation of motion, and this fracture, as 
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FRACTURES OF THE HUMERUS 


pieviously lepoited, had been an eight-month delayed union befoie coming 


nndei obseivation Howevei, 90° active 
had been obtained 

Table IV suminai izes 27 fiac- 
tin es involving the middle and lower 
thud of the shaft of the hiimeuis in 
pool apposition and alignment, the 
patients langmg in age from eight to 
86 yeai s enty-tii o ot these fi ac- 
tui es were oven iding, tin ee latei ally 
sepal ated, without oveiiiding, and 
two w^eie badly comminuted wnth 
marked anteiioi bowing (Figs 6, 7, 

8 and 9) 

In 19 instances no collective 
proceduies other than application ot 
the hanging plastei case w^eie used 
Three otheis w^ere successfully le- 
duced by manipulation without the 
aid of anesthesia, while one lequiied 
a general anesthetic An attempted 
manipulation under geneial anes- 
thesia lesulted m failuie in one in- 


abduction and 75° external lotation 



stance Foi tw^o wrecks, this pa- 

j. _ 1 j 1 ) i 1 ^ ^ Fig 0 — Roentgenognm of the snme patient ns 

tient W^'as placed in skeletal tiaction shown m Figure S Ae ueeks nfter npphcation of 

wdnch brought the fiaginents into •''•"k'UK cisc 

position and maintained them theie The lemammg thiee patients weie pie- 
vioLisly tieated by tiaction, one by skeletal tiaction foi thiee w^eeks, and the 
other two by skin tiaction foi two and thiee w'eeks, lespectively 

This gioup of patients requiied a slightly longei period in the encase- 
ment than the othei thiee groups The average length w'as approximately 
seven weeks 


The end-1 esults foi function of the shouldei m 25 cases w^eie excellent 
Two had only slight limitation of motion Cosmetic 1 esults w^eie excellent 
in all 


SUMMARY 

(1) Since 1935, the inajonty of fiactuies of the neck and shaft of the 
humerus have been successful!)'- tieated on the Bone and Joint Seivice of 
Receiving Hospital by the hanging plastei case 

(2) A repoit of the final 1 esults obtained m 119 consecutive cases treated 
by the hanging plaster case is presented This bungs up to date the results 
of cases treated by this method m our depaitment since a similar report w'as 
made, in 193/ > of the fiist 58 cases tieated heie m this manner 
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(3) For consistency in clesciibing end-results, we have again, as in the 
fiist lepoit, used the teims “excellent,’ “good,” “fan,” and “pooi ’’ 

(4) Little change has been made m the essential details of this method 
of treatment since it was first begun Indications foi and exceptions of its 
use have remained the same 

(5) In seveial cases of this series, displaced fractures became reduced 
shortly after application of the encasement Otheis were reduced before 
this was applied 

(6) In fiactures of the neck, medial angulation is satisfactorily reduced 
in some patients by means of a sponge rubber roll placed high in the axilla 

(7) Lateral angulation in fractures of the shaft is coriected by a wedge 
on the mnei side of the encasement at the elbow 

(8) Anterior and posterior angulation is corrected by shortening or 
lengthening the sling 

(9) Seventy-two fiactuies of the upper third of the humeial shaft and 
neck were all successfully treated by the hanging plaster case 

(10) Forty-seven fractuies of the middle and lower thirds of the humeral 
shaft have been treated with satisfactory results 

(11) Early motion of the wnst and shouldei is encouiaged This pre- 
vents muscular atrophy and allows early letuin of maximum function 

(12) The hanging plaster case allows the patient to become ambulatory 
in a minimum length of time, without having the annoyance of cumbersome 
appliances necessary foi treatment 111 the abducted position 

(13) The average length of tune ot treatment m the encasement, for all 
patients m this senes, was approximately six weeks 

(14) The hanging plaster case is economical in that it reduces hospitaliza- 
tion time, dependent caie, and the cost of materials used 
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THE EARLY DIAGNOSIS OF POTT’S DISEASE=^ 

R I Harris, AI B , F R C S (C) and H S Coulthard, AI B 

Touonto, C\v Weston, OxNtario 

SuccnssFUL and satisfactory treatment of tubeiculous lesions is dependent 
to a veiy considerable extent upon early diagnosis This is as tiue for Pott’s 
disease as it is foi other lesions of tubeiculosis Yet it is common expeiience 
that most cases of Pott’s disease pass through a long pei lod m u Inch the true 
nature of the disease is not lecogmzed and diagnoses such as arthritis, myal- 
gia, and sprain aie made to explain the patient’s symptoms The tine nature 
of the disease usually is not lecognized until the veitebial bodies have under- 
gone such destruction as to cause obvious deformity or until a fiank abscess 
has manifested itself By that time, the features of the disease in its advanced 
stages are so obvious that it can be recognized at a glance Usually, it has 
taken three or moie yeais to reach this stage Yet, even in its eaily stages, 
Pott’s disease piesents diagnostic featuies b}'’ which it can be lecognized 
They are much less obvious than aie the featuies of the later stages of the 
disease, and in some respects quite difterent Foi that reason, it is woith 
while to diaw attention to them 

Impoitant infoiination fiom uhich the early diagnosis of Pott’s disease 
may be made is obtained fiom tlnee souices (i) The quality of the pain, 
(2) the 1 oentgenogi am and (3) the recoveiy of tubeicle bacilli from the 
lesion 

Pain — This is the eailiest symptom of Pott’s disease, but foi a variety of 
leasons it may not attract attention to the spinal focus In the first place, 
the degree of pain often is suipiisingly slight Also, the onset may be so 
insidious and the piogiess so gradual that the patient is haidly able to tell 
when discomfort becomes pain It is a common expeiience to have patients 
with Pott's disease admitted foi treatment wdio have wmrked, sometimes at 
such strenuous occupations as farming up to the moment of admission The 
slight intensity of the pain and the fact that the patient is still w 01 king should 
not lead us to exclude Pott’s disease On the contrai}'-, a pain which is 
persistent over a long peiiod of time even though it is of mild degree, de- 
mands investigation 

A featuie of the pain associated wnth eaily Pott’s disease, which can divert 
attention from the real souice of the disease is its lefeience to parts distant 
fiom the diseased segment of the spine The pain of Pott’s disease may 
manifest itself (i) m the back at the leA^el of the disease (/ e . local pain) , 01 
(2) in distant aieas wdiich aie in spinal segments coi 1 esponding to the dis- 
eased areas (lefened pain) Local pain and leferied pain may both be 
piesent at the same time 01 one or the othei ma} be piesent alone The 
lefeiied pain may be present on one side only or ma} occur on both sides 

* Presented b> title before the American Surgical Association, White Sulphur 
Springs, W Va , April 2S-30, 1941 
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When Pott’s disease manifests itself solel}"^ oi chiefly by referred pain, it is 
not surprising that attention is diveited from the real source of the disease 
Operations for appendicitis and even lenal stone are not infrequent in the 
history of Pott’s disease Subsequent developments demonstrate that these 
weie undei taken foi pain refeired fiom spinal disease 

The pain of Pott’s disease, neveitheless, presents ceitain manifestations 
which should make it easy to lecognize as being of spinal origin even though 
the referred element of the pain dominates the pictuie In the fiist place, 
bilateral ref ei ence of the pain should always make one suspect its spinal origin 
Pam on both sides of the trunk oi in both legs can only mean (i) bilateial 
disease, oi (2) bilateral reference of pain fiom a cential oiigin in the spinal 
column or spinal cord But the chief distinguishing features of the pain of 
Pott’s disease aiise fiom the fact that it is due to disease of the skeleton and 
hence is affected by activities in which the skeleton is involved In any early 
case of Pott's disease, an inquiry into the factors which intensify the pain 
will quickly leveal that movements of the spine, increased weight-bearing by 
the spine (lifting, standing) and jolting of the spine (stepping down steps, 
riding m a car) all intensify the pain Sometimes the activities which inten- 
sify the pain aie so dramatic that they constitute manifestations of particular 
value Thus, the explosive muscular efforts of coughing and sneezing cause 
gieat intensification of the pain, often spontaneously 1 elated by the patient 
Conversely, the pain of spinal disease is relieved by lest The relief of 
weight-bearing which occuis when the patient is recumbent, especially if he 
lies pi one and still, is as definite as is the intensification of the pain by move- 
ment, increased weight-bearing and jolting 

These aspects of the pain of Pott’s disease enable us to recognize its spinal 
origin They are not, however, specific for Pott’s disease Any spinal disease 
manifests itself by this type of pain But one can, by these features, exclude 
disease in the area to which the pain is lefened and localize the disease in 
the spine Other manifestations enable us to lecognize the disease as due to 
the tubercle bacillus 

Roentgenologic Examination — ^The early ladiogiaphic changes in Pott’s 
disease aie quite distinctive and characteristic, though they differ gieatly 
from those noted m the latei stages of the disease Little has been said or 
written regarding these eaily roentgenogiaphic changes, and because of this 
the diagnosis of the disease often is postponed until the moie familiar radio- 
graphic changes of the adranced stages have developed 

The eai best roentgenogi aphic change in Pott’s disease is thinning of an 111- 
terveitebral disk, with 01 without evidences of destruction of the surfaces of 
the two adjacent bodies wdiich bound the involved disk On the evidence of 
the 1 oentgenogram one is justified m believing that the primary lesion of 
Pott’s disease starts on the mferioi or superior surface of a vertebral body, 
rapidly destroys the interveitebral disk and spreads across it to the adjacent 
surface of the veitebral body next abo\e it or below”^ Then follows moie or 
less extensive destruction of the tw o involved bodies wnth spi ead up and dow n 
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to other bodies The very earliest change which is detectable is thinning of 
the intei vertebral disk, and commonly at this stage the carious changes in the 
vertebral bodies aie so slight as to be impossible of detection roentgenologi- 
cally It IS a char actei i Stic of Pott’s disease, however, that the changes m 
the spine revealed roentgenological ly are piogressive, so that a senes of roent- 



Fig iA Fig iB 

Fig 1 — Illustrates the ^alue of a tlun Inter^ ertebral disk as eirl> evi 
dence of Pott’s disease 

Female, age 31, m Tune 1938, commenced to e\perience pain in hack 
radiating to leg In Jul> a lumbar abscess formed it contained tubercle 
bacilli Figure lA is the lateral radiograph, taken in September, 193S It 
shows onU a thin disk between L V 2 and 3 Figure jB, taken in September, 
1939 shows progress of the disease in one year — destruction of the inter 
vertebral disk, and caries of the body of the 3rd lumbar vertebra In Sep 
temher 1938, the diagnosis of Pott’s disease was confirmed bj aspiration, 
and the recover} of tubercle bacilli in the pus obtained 


genograms, taken at intervals of a few months, leveal first a thin disk, then 
a thinner disk, with caries of the adjacent surfaces of the adjacent vertebral 
bodies, finally complete disappearance of the intervertebial disk, advanced 
caries, and collapse of the vertebial bodies In the early stages of Pott’s 
disease, the combination of pain, spinal in type, with the appearance of a thir 
disk in the roentgenogram, is of great significance 

The recovery of tubercle bacilli from a focus of Pott’s disease or from the 
abscess associated with it, is indisputable evidence of the nature of the disease 
In the later stages of the disease, this is eas}’’, since an abscess of some sort 
IS commonly piesent at that stage It is not so geneially known that impor- 
tant information can be obtained by delibeiate aspiration of the spinal focus 
nor IS the test commonly practiced Under roentgenographic guidance it is 
possible, and not unduly difficult, to pass a long needle into the area of dis- 
ease The aspnation of even a small quantity of pus permits accuiate diag- 
nosis of the natuie of the infection Occasionally, oiganisms other than the 
tubeicle bacillus pioduce spinal lesions indistinguishable by symptoms and 
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Fig 2 A Fig 2B 


Fig 2 — Illustrates the value o£ a thin interv ertebial disk as early cm 
dence of Pott s disease 

Female a|,e 19 while undei treatment for tuberculosis of lung and ankle 
complained of low back pain radiating to light hip Fij^ure 2 A taken then 
September, 1938 showed onh a thin disk between L V 3 and 4 Figure 2B 
taken m Jul> 1940 shows the progress of the disease which now presents 
the characteristic roentgenographic appearance of Pott s disease 



Fig 3A Fig 3B 


Fig 3 — Illustrates the value of aspiration in the earlv and accurate 
diagnosis of Pott s disease and of lesions resembling Pott s disease 

Male age 19 In Jul> 1939 commenced to experience stiffness and 
aching in back with lain which was accentuated bj actnitj and relieved b> 
rest Figure 3A and B in September 1939 shows a thin disk between L V 12 
and L \ 1 and minimal canes of the anterosuperior corner of the bod> of 

L V 1 Radiologicallv the picture is indistinguishable from earlv Pott s dis 
ease The tuberculin skin test however was negative Aspiration of the lesion 
as illustrated vielded a small amount of pus which grew staph> lococci Dian 
nosis Staphjlococcal osteomjelitis of spine The course of the disease was 
satisfactory — early subsidence of the infection, with bony fusion of the in 
volved vertebral bodies 
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1 oentgenogi aphic findings fiom Pott’s disease Aspiiation of such foci gives 
eaily and accuiate infoimation of the nature of the infection 

CONCLUSIONS 

The diagnosis of Pott’s disease in its eaihest stages is a inoie difficult 
pioblem than is the lecognition of the disease when well-established It is 
impoitant to make the diagnosis as eaily as possible in order that eaily tieat- 
inent may enhance the piospect of cuie Certain of the eaily manifestations 
of the disease should be emphasized since their lecognition peimits eaily 
diagnosis 

Pott’s disease may be diagnosed m its eaily stages by thiee impoitant 
symptoms and signs 

(1) Analysis of the pam fiom which the patient sufifeis denionstiates 
that it is of spinal oiigin (intensification by movement, weight- 
beaimg and jolting, lehef by lest) 

(2) The early i oentgenogi aphic evidence of a thin mtervei tebi al disk 
before the chai actei istic canes of the veitebial bodies is manifest 

(3) Aspiiation of the focus undei roentgenogi aphic guidance yields 
pus fiom which a positive diagnosis can be made 
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“UNEXPLAINED ” INFECTIONS IN CLEAN OPERATIVE WOUNDS* 

THE IMPORTANCE OF THE AIR AS A MEDIUM FOR THE TRANSMISSION OF PATHO- 
GENIC BACTERIA, AND BACTERICIDAL RADIATION AS A METHOD OP CONTROL 

ANALYSIS OP OVER FIVE THOUSAND OPERATIONS, COVERING A PERIOD OF TEN 

AND ONE-HALF YEARS 

Deryl Hart, M D , 

AND 

Samuel E Upchurch, M D 

Dunn AM, N C 

IKOM THE DhPAUTMLNT OV SUHGER\ DUKE UNr\EUSITl SCHOOL OF MLDICINF \ND DUEL HOSPITAL DUIUIAM, N C 

After ten and one-half 3feais of intensive woik in an attempt to avoid 
the opeiating loom infections hitheito fiequently lef erred to as “unex- 
plained,” it seems desnable to evaluate the lesults that have been obtained 
Our experience can be divided loughly into three peiiods (Chait i) 

(1) Before the institution of bacteiicidal ladiation m the opeiating 
loom on Januaiy 15, 1936 — a peiiod of five and one-half years — 
dm mg which time infections continued to occur despite an increas- 
ing knowledge as to their cause and many effoits to eliminate 
them 

(2) The tiansition yeais of 1936 and 1937, duiing which an increas- 
ing number of the staff adopted radiation as pait of their “aseptic 
technic” for an evei -increasing number of their clean operations 

(3) The years 1938-1941.! duiing which most of the large, clean 
operations have been pei formed m a field of sterile an, and infec- 
tion 111 any clean piimaiy incision has been extremely rare 

Foi the individual doctoi 01 seivice, howevei, the simplei division is 
into operations peifornied zvithout and the opeiations perfoimed with bac- 
tericidal ladiation Regardless of vhat othei measuies, m addition to the 
usually accepted “aseptic and atiaumatic technic,” ha\e been employed, before 
or since the intioduction of ladiation, in an effort to contiol these infections, 
the deciding factor in the inipi ovements obtained seems to have been air 
sterilization 

The results obtained m vaiious types of laige, clean opeiations with and 
without the use of radiation, aie summaiized m Chait 2 Here it is seen 
that of a total of 1,735 such operations performed without radiation 207, 01 
II 9 pel cent showed infected wounds Of these, 19 died as a result of their 

Presented In title before the American Surgical Association, White Sulphur 
Springs, W Va , April 28-30, 1941 

jTlie studj was continued to January 15, 1941, in order to give five years’ experi- 
ence with bactericidal radiation but the operations for the 14 dajs in January, 1941 are 
included in the 1940 column on each chart 
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infection On the olhei hand, of 2,463 sunilai opeiations peifouned undei 
bactencidal ladiation, wound infection developed in only six, 01 024 pei 
cent None of the lattei gioiip of infections lesulted in a fatality 

In the gioups of opeiations icpoited (Chaits 2-10 and Table I), both 
with and wnthout ladiation, all cases not potentially infected aie included 


OPERATIONS-DUKE HOSPITAL 7 21 30 — 1 15 41 



CK^KT 1 — This clnrt shows in -iddition to the growth of the Surgicil SerMce of the Duke Hospital 
for the first ten and one half jears 

(1) The small number of the total operations falling within the groups of large clean procedures 
(4,58s* out of a total of 46,369 [Charts 2-10 and Table 1 ]) which ha^e given us trouble 
from unexplained infections 

(2) The distribution b> jears of all large clean operations which were analjzed in this study (see 
also Charts 4—10) 

(jl The ratio of the operations used for this analjsis 0 c , the larger clean procedures) to the 

total operations performed approximately 10 per cent, which represents the inmimum number 
in the Duke Hospital which we feel should be performed in a field of sterile air 

(4) The transition period — 1936 and 1937 — during which an increasing percentage of the larger 
clean operatiie procedures were performed in i field of radiation (see Charts 4-10) 

(5) The period from 1938 to 1941 during which practically all the large operations of the 

types indicated (Charts 2 through 10) weie performed 111 a field of sterile air 

(6) The distribution b> years of the ig deaths fiom “unexplained” infections all of which occurred 
in the relatnelj small group of operations (i 782) performed without radiation that were 
analjzed (see also Chart 3) In the comparable but considerablj larger group of clean opera 
tioiis performed (2 600+) — including 140 reopened thoracoplastj wounds — with radiation, 
there was no death from an infected wound Ana deaths from an infected wound in the 
lemainder of the operations (41,784) had a potential source of infection from the natuie of 
the disease or operation T 

* In addition to these opei itions all of which are tabulated on Charts 2 and 4 through 10 the 
recoids of all deaths following operation and not included in these groups (approximately 600) were 
reviewed to determine the number of patients who died of an unexplained infection in a clean wound 
(Chart 3) 

t Just as in the large clean operations these other operations whether small and clean, grossly con 
taminated or potentiallv infected should have bacterial contamination kept to the minimum and the 
tissues should be left in the best possible condition for healing However, this subject will not be con 
sidered here since it is not the problem with which we are dealing in this presentation 


The chaits give a moie detailed analysis of the diffeient types of operations 
by yeais, the deaths that have occuiied as a lesult of infections in clean 
wounds, the oiganisms that have caused the infections, and the impi ovement 
that has lieen obtained, piedominantly by an sterilization 
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Occasionally, the ciiticism has been made that the good lesults which 
we claim to haA^e been obtained by air sterilization (Chaits 2-10 and Table I) 
have been hi ought about by othei improvements in technic Many others 
who do not make this ciiticism at least laise this question The ansvei is 
that foi five years, and particulaily after the disastrous thiee months m 


PERCENTAGES OF INFECTIONS AND DEATHS FROM INFECTIONS IN 4 198 CLEAN 
OPERATIONS AND 187 REOPENED WOUNDS 7-21-30 I-I5-4I 



Chart 2 — This chait shows in suninnrA for comparison the results obtained without and with 
radiation in seteral types of clean primar> operatiae procedures and in a group of reopened thoraco 
plastj wounds The latter group of cases nre recordel separated since thej present a risk of infection 
as described under second and subsequent stage thoracoplasty (Chart 5) which is not present in clean 
primary incision At the top are given the actual number of cases the number of infections and the 
number of deaths from 11 fections for each group while immediately below in the chart these figures 
have been transposed into percentages, for more accurate comparison of the results obtained without 
and with radiation in each type of opeiation Deaths from ‘ iinevplamed ’ infections have been 
eliminated when bactericidal radiation was used 


1933-1934 (Chart 3), we tiied eveiy impiovement m technic that seemed 
feasible and to offei any hope of success, but without notable lesults, until 
the ail -home pathogenic bacteria (probably given off from the lespiratory 
passages of the occupants of the operating rooms) weie largely eliminated 
by ultraviolet ladiation Since this souice of contamination (avIucIi Ave 
consider to overshadow all others Avhere good technic, as Ave knoAV it to-day, 
IS used) has been laigely eliminated, most of these previously adopted addi- 
tions to technic, conceived m despeiation and of questionable value liaA^e 
been discarded 

For the information of those A\ho feel that the impioA^ement in our lesults 
Avas brought about by changes in technic other than air sterilization, these 
changes and additional piecautions taken by us before beginning air sterili- 
zation 111 an effoit to coiitiol these infections Aveie given m a chronologic 
01 del but had to be eliminated fiom this publication because of its length 
It Avill he seen, hoAAevei, fiom an analysis of the charts, that the vntual 
elimination of operating room infections on diffeient surgical divisions A'aried 
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Chart ^ — The {nnlities from infection in clean Moiinds occurred onl> following operations where 
i^dntion was not used nnd were large!} confined to neurosurgical, thoracic and orthopedic operations 
Ihe four exceptions were two debilitated patients having celiotomies (inoperible carcinoma of the 
stomach ami cirrhosis of the liver with ascites), one vvoman of 73 having a radical mastectomv and 
one man of 67 having an excision of a malignant tumor of the neck by a surgeon who was not 
accustomed to such a procedure 

The 19 fatal infections all occurred during the cooler months of the vear during which time in 
genera the air contamination is highest Eleven, or 58 per cent,t became infected during November, 
December* January and rebruar\ , five or 263 per cent* during October and Maich, and three or 
15 7 per cent during September and April There was no death from such in infection during May, 
June July and August In this chart each monthly division ,s blacked out if one or more deaths 
chart ’'into'^yea"rs ‘ months” to the heavy lines dividing the 

Particular attention is also c died to the disastrous three months of November, December, and 
January, 1933-1934. during vyliicli time there were six deaths from “unexplained” infections in clean 
nla”"'!?'' “ period of ten and one half years 31 6 per cent of all the deaths from “unex 

plained infections occurred during a three month period in a consecutive group of only i s per cent 
of the total nuniber of patients operated upon A similar “epidemic’ of operating rioi infections 
seemed to be under way in September and Octobei ,93s, but was halted by discontmuTg performmg 
arge operations that were not emergencies At tins time all patients in the hospital for extra niS 
thoracoplasty were sent back to the sanatorium to await the months of lowei air contammatmn nr 

considered before and found at operation to be an inoperable glioma ^ was^nLwmpR^^ in 
crd%umor"'^ •■‘-"ecto’my for^emo^al o^a benign spinal 

never used bactericidal'*^ radmlon^ and Xo vv?ri^xper?enced^n'M^ck *su^^ ’^Tht rb^^°" 

tion, caused by the hemolytic Staphylococcus aurrut surgerv The subsequent infec 

causing the patient’s death No hlood^cuUure was taken ^ ^ extensively along the fascial planes, 

epidemTc'of"mTechons'm''’No^^^^^^^ 'SeSlr '"and" Tanuarv''''‘’i"o"r 

election were postponed until the months of low air cc)n£TiinmVon ^a^ml 7n °Perjtions of 
postponed until the summer an attempt w as made To and for operations that could not be 

danger by datly cultures of the air tnX o'4raSVoms""(R"?e77^ 
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as to time, but in each it was simultaneous with the adoption of air steiiliza- 
tion The iinpiovement in lesults beginning with the institution of radiation 
has peisisted despite the abandonment of many of the previously adopted 
precautions 

Undoubtedly, since 1936, theie has lieen some improvement in wound 
healing as a lesult of oui 1 etui 11 to the use of silk 111 certain wounds, and as 
a lesult of the discontinuance of diainage m others This is not the explana- 
tion of the vii trial elimination of wound infections, howevei, as is illustiated 
by the fact that we weie “brought-up” on silk technic, abandoned it tem- 
poral ily only because of the prevalence of “unexplained” infections, and 
began using it again only after these “unexplained” infections had been 
explained and vntually eliminated by the use of ultiaviolet ladiation Drain- 
age of thoracoplasty wounds was begun as a lesult of fiequent infections and 
was discontinued following the institution of ladiation, hut only after great 
Iinpiovement m wound healing had been olitamed and after the drams m a 
nuinbei of cases had been cultmed and no giowth had been obtained Catgut 
as a sutuie mateiial is still used foi all thoiacoplasties, and there has been no 
change m the sutuie material used foi neuiologic and thyioid suigeiy (silk), 
and oithopedic suigeiy (catgut) Dining the past two yeais ne have dis- 
continued drainage of ladical mastectomy wounds when ladiation is used and 
find that, as a lule, they do not fill up with lymph, serum, or blood 

Pievious publications on ladiation have detailed 

( 1 ) The hactei icidal and fungicidal effect of this 1 adiation - 

(2) The effect of 1 adiation on wound healing^ 

(3) The 1 eduction m the number of wound infections m small series 
of opeiations ’’ ® 

(4) The 1 eduction 111 the postoperative tempeiature reaction® 

(5) The role of the respnator}^ tiact m containma^^ion of the air 

The piesent lepoit coveimg a period of ten and one-half years, can be 
divided loughly into two paits (I) An analysis of all deaths fiom infection 
following a clean opeiation* dining the tune coveied, and (II) an analysis 
of 1,313 selected clean operations (but including 47 leopeiied thoi acoplasty 
wounds) befoie radiation was instituted, Januaiy 15, 1936, 469 similar clean 
opeiations peifoimed without ladiation after Januar}'^ 15, 1936, and afi 
operations — 2,803 — (including 140 reopened thoi acoplasty wounds [Chait 5] 
and something less than 200 potentially infected operative wounds, the latter 
included m the 866 miscellaneous opeiations [Chait 10]) performed with 
hacteiicidal radiation from January 15, 1936 to January 15, 1941 

(l) DEATHS 

From July 21 1930 to January 15, 1936 (when hacteiicidal radiation was 
first instituted), 15,674 operations of all t3'^pes (Chart i) weie perfoimed 

*Exclusue of Obstetrics and GMiecology, which is a separate service 
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\\uh i6 (Icalhb liom infections in dean piiinai) incisions, and one death fioin 
infection in a clean icopencd thoiacoplast)' Mound In contiast to this, dining 
the fi\e-}eai peiiod, fioin Januai} 15 1936 to Januaiy 15, 1941, MUth a total 
of 30695 opeiatioin? (Chait i) theie liave been only izvo deaths fioin infec- 
tions in clean incisions, eithei pninaii 01 leopened, and both of these infec- 
tions occuiicd in wounds that weie not ])iotected dining opeiation by 
bacteiicidal ladiation (Chait 3) 

Paiticubu attention is called to the fact, as shown in Chait 3, that each 
ot the 19 patients who died fioin an infection in a clean incision had had a 
laige opeiatne piocedinc of a spetiali/ed type, wuth the exception of tw^o 
debilitated patients who had a celiotomy which was followed by peiitomtis 

Since deaths from infections m “clean wounds," wdieie ladiation is not 
used, arc lelatneh laie and occiii almost entiiely m a few types of the laigei 
piocediues 01 111 debilitated patients (Chart 3) the}" w"ill be seen only lately 
b} the aieiage suigeon Foi them the elimination of the soinew"hat more 
fiequcnt nonfatal infections and the impioied healing in all wounds, even 
wheie the contamination does not go on to gioss suppination,'^ piobably 
results m a gieatei sum total of good than the saving of an occasional patient 
fiom the leiy laie fatal infection 

(ll) INFECTIONS 

All opeiations of seieial l}pest (Chaits i-io and Table I) peifoimed 
dining a peiiod of ten and one-half yeais have been leviewed The post- 
opeiative notes and the tempeiatuie chait of eieiy lecoicl have been review^ed 
111 01 del to pick up any infections that may not have been included in the 
index file of postopeiative infections This w"as paiticulaily important for 
the oithopedic opeiations, wheie the w"Ound w"as undei an encasement M"hich 
fiequently was not lemoied and the infection not diagnosed until a leturn 
visit to the Out-Patient Dispensaiy,! at w"hich time the hospital lecord had 
been completed and indexed 


' The improvement in v ound healing and the diminished sj"stemic temperature 
reaction, both elevation and duration, brought about bj" radiation has been reported for 
small groups of cases (extrapleural thoracoplasties, radical mastectomies, and hernior- 
rhaphies) These results, as given in a previous leport,® were so conclusive, and such 
an analvsis is so laborious and time-consuming that it did not seem to be necessary or 
desirable to carry it out here wnth such a large series The surgical staff, from clinical 
obser%ation, are of the opinion that this average of diminished sjstemic temperature 
reaction as reported has been maintained throughout the entire senes of operations where 
bactericidal radiation has been used 

f With the exception of an occasional record that could not be located 
1 Some of these patients had their follow-up treatment m various Orthopedic Clinics 
over the state, so that our follow-up records were not complete As a result, some mild 
or moderate infections, particularly ^\here radiation was not used, undoubtedb have been 
missed 
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Stitch abscesses were omitted* foi the entiie gioup both with and without 
ladiation since they are consideied to he the leaction to a foieign body They 
aie particulaily likely to develop when the suture is left in foi too long a 
time, with the growth of the skin oigamsms already present In no lespect 
can they be considered as operating room infections, except on the veiy 
unlikely possibility that the sutures themselves were unsterile 

Unexplained operating loom infections, particularly those of a serious 
nature, occur m only a small percentage of the general run of operations 
performed by well trained surgeons with a relatively good “atraumatic 
technic” However, during and following certain of the larger procedures, 
such as many of those included in this analysis, large areas of tissue are 
exposed for a long time, excessive tiauina ma}'^ be unavoidable, hemostasis 
may be difficult to obtain, dead space may not be oliliterated, the patient may 
be m a debilitated condition oi the tissues may offer little resistance to infec- 
tion, cleavage planes oi spaces mac^ be opened for the lelatively unimpeded 
spread of infection, immobilit}' m the wound may be unobtainable, or packs 
oi drams maj’’ have to be inserted, thus making it more likely that the organ- 
isms gaming access to the wound can cause an infection 

Further more, it is veil known that at certain times the danger of “unex- 
plained” infection in clean operative wounds is far greater than the average 
(Chart 3) Such a peak of danger with us is well illustrated in Chart 3, 
where it is seen that for the past ten and one-half years, since the opening of 
the Duke Hospital, 31 6 per cent of all the deaths (six patients) from “unex- 
plained” operating room infections in clean wounds occurred during the three 
consecutive months of November, December, and January of the academic 
year 1933-1934 The total number of opeiations performed during these 

* In previous publications, the cases which w'e did not consider to have an operating 
room infection but which had a positive culture report on the record, were included 
w'lth the abstracted infected cases, and the decision as to tlie true nature, origin, and 
severitj of the condition was left to the reader Such a polic\ could not be followed in 
this larger analysis since the results are presented in the form of charts In order that 
the reader maj make his own decision in these cases, reference is given to those 
pre\iously published abstracts of opeiations which are omitted from the charts in this 
report since we do not consider them to have had “unexplained” operating room 
infections 

Abstracts m Reference 7 

Cases— (i) Inguinal hernia— stitch abscess , (2) cerebellar exploration— stitch abscess , 
(3) laminectomj', fractured spine — contused w'ound with skin abiasions preoperative, but 
infection considered to be hematogenous , (4) arthroplastj hip — postoperative hemorrhage, 
drains left in w'ound , and (5) open reduction fracture-dislocation ankle — skin slough 
with superficial infection limited to area of slough 

Abstracts m Reference g 

Cases — (i) Inguinal herniorrhaph\ — skin inversion only, (2) radical mastectomv — 
stitch abscess C3I extrapleural thoracoplasty through scar — stitch abscess, maceration 
suture line (4) extrapleural thoracoplast> , second stage — stitch abscess, (5) extra- 
pleural thoracoplasty, first stage — pustular eruption (operative site before operation 
delayed healing of skin incision made yvith cutting electric current) , and (6) extrapleural 
thoracoplasty, second stage (same patient as [5]) — draining hematoma 
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thiee months was only 708, 01 i 5 pei cent of the total of 46,369^ 
ten and one-half-yeai pciiod (Chait 1) 

In anal) /mg these statistics on infections (Chaits J-io and Table I) one 
should keep m mind that many of the opeiations lepoited (both with and 
without ladiation) weie the laigei pioceduies, and, theiefoie, the ones most 
likely to become infected (Ref Chait i for peicentage of total opeiations 
included m these gioups ) 

The opeiating looin infections both with and without ladiation have been 
classified as mild, modeiate, seveie, and as having caused the death of the 
patient 

(1) The mild infections weie tiivial, with little local 01 systemic leaction, 
and the minimum amount of pus 

(2) Those classed as modeiate pioduced moie systemic and local reaction 
and contained moie pus than the mild gioup 

(3) Eveiy infection nith extensive involvement of the wound or a seveie 
local 01 systemic leaction which did not kill the patient, was classed as seveie, 
legardless of whethei 01 not the life of the patient nas thieatened 

(4) Those classified as deaths fiom infection aie self-evident They aie 
also listed sepaiately 111 Chait 3, and have occuiied only when bacteiicidal 
radiation was not used and following an extensive opeiation 01 an opeiatioii 
upon a debilitated patient 

The opeiations of each type coveied by this suivey can be divided roughly 
into thiee gioups 

(1) All those perfoimed duiiiig the first five and one-half years before 
bacteiicidal radiation was instituted In this series the infection rate was 
highest, and the infections of gieatest severity despite the many things that 
were tried m an effort to prevent them 

(2) All operations of the types analyzed, and performed without bac- 
tericidal ladiation during the transition period fioni Januaiy 15, 1936 through 
1938 In general, during this period (Charts 4-10 and Table I) the per- 
centage of infections 111 operations wheie radiation was not used was lower, 
and when they occuned they were much less seveie than 111 the previous 
years This is explained by the fact that any seivice 01 any individual at 
fiist pel formed only the laiger opeiative proceduies, and, therefore, the ones 
most likely to become infected, 111 a field of bactericidal ladiation, thus elim- 
inating them from the nonradiated gioup As the good results obtained in 
these larger operations became evident, an increasing percentage of the opera- 
tions of less magnitude was also performed in a field of sterile air 

Opeiations peifoinied without radiation aftei 1938 are not included in the 
charts since they were so few in numbei, usually small in size and frequently 
performed during the summer months when the air contamination was low, 
so an analysis would give no true idea of the risk of infection in the general 
run of such opeiations 

(3) In this group are all operations pei formed m a field of bactericidal 

943 



HART AND UPCHURCH 


Annals of SiirgcrN 
Ao\eml)er l‘)41 


radiation aftei beginning its use for operations upon patients, Januaiy 15, 
1936 (in geneial, the opeiations of gieatest magnitude foi any seivice 01 any 
individual dining the period of transition, 1936-1938) Oiiginally, steriliza- 
tion of the an in the opeiatmg 100m hy ultraviolet ladiation was used only 
during extiapleural thoracoplasties, and no such opeiation has been perfoiined 
without it since the first radiation unit was installed (Charts 4 and 5) 
Radical mastectomies weie soon hi ought into the radiation group The ortho- 
pedists gradually began using it for then laiger operations m 1937 (Chart 6) 
The neurosuigeons began using it dm mg 1936 (Chait 7) hut temporal ily 
abandoned it m the fall and winter of i937“I938j foi leasons explained m 
the text foi Chait 7 Earl}'^ m 1938, after the occurience of a numbei of 
infections, it was lesumed by this seivice for all except small proceduies such 
as trephines, and infected cases which had to be diained (Chart 7) 

Thyioids and heiniae, because of then lessei magnitude, and because of 
the shortage of suitably equipped operating rooms, weie only gradually 
brought into the radiation group (Charts 8 and 9) Radiation was used first 
m these operations, predominantly, foi the larger operations and during the 
winter months when the air contamination was high, but later, m an increas- 
ingly high percentage of cases, throughout the entire years * 

Since early m 1936, an inci easing number of miscellaneous operations, a 
fair percentage of which weie potentially infected, have been operated upon 
with radiation These are all giouped togethei in Chart 10 

Charts 4-10, inclusive, show the incidence of infection m these various 
opeiative gioups by yeais, with and without bacteiicidal ladiation In each 
group, a striking reduction m the frequency of wound infection occuried 
when ladiation was used In fiist stage thoracoplasties and ladical mastec 
tomies the infection late diopped from 32 to 035 per cent, m orthopedic 
operations from 165 to 074 pei cent, 111 neurosuigical operations from 9 
to o 22 per cent , m hei nioi 1 haphies fi om 8 3 to zero pei cent , and m thy- 
roidectomies fiom I 8 to zero per cent 

The ciiticism can be made justly that the experiment would have been 
more accuiately conti oiled had alternate operations in each group been per- 
foimed with and without radiation However, by the time the ladiation 
technic had been worked out, 17 patients had died as a result of an infection 
which we now consider to be largely preventable (Chart 3) Many others 
had had a needlessly piolonged convalescence and impairment of their opera- 
tive results, while still otheis, because of the danger of infection at times of 
high air contamination, had been lefused the advantages offeied by opeiation 
It did not seem to us justifiable, foi the sake of the experiment, to subject 
any of these patients to a iisk, which we were leluctant to take befoie bac- 
tericidal radiation was available 

♦Radiation was started by one of us as an experimental project, to determine the 
effect of the elimination of air-borne bacteria during the operation on wound healing 
Since that time all members of the surgical staff (General, Neurologic, Orthopedic, 
Plastic, Thoracic and Urologic) ha\e, at their own request, adopted it as routine for 
their large clean operations 
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The effect of this “feai of infection’ on the giowth of the Thoiacic and 
Neinosnigical Set vices dining 1933 * ^ 934 ) ^ 93 S) is lUustiated in Charts 

4, S and / In contiast to the continued giowth of the entiie seivice (Chait 
i) the nmnbei of these opeiations pei yeai leinained at a standstill oi 
actually diminished fiom 1933 thiough 1935, because of the hesitancy of the 
staff, except in eineigency, to advise these laige opeiations dining certain 

times of the yeai when the an contamination was high 

A notable example of the effect of these infections and deaths on oui 

method of tieatment of patients, is the fact that aftei the fatalities fiom 

meningitis following section of the fifth neive (Chait 3) most of these patients 
weie tieated by alcohol injection Only after ladiation had been instituted 
and pioved to be an effective means ot piotectmg these open wounds, did we 
lesume section of the neive by open operation Beginning in 1936/ 

}eai was made available foi these moie extensive opeiations by an steriliza- 
tion, and immediately theie was a great inciease in the numbei of such 
opeiations perfoimed (Chart 7) 

THORACOPLASTY, FIRST STAGE, AND RADICAL MASTECTOMY — CHART 4 

These twm types of operation are combined to conseive space Both 
involve w'lde exposuie of tissues and, m oui hands, had a high infection rate 
(25-38 pel cent' ° but wnth the moie seiious infections and the greater 
numbei of fatalities from infection in the thoi acoplasty gioup (Chart 3) 
Otherwnse, they aie ladically diffeient 111 that the thoiacoplasties are asso- 
ciated w'lth more tiauina, hemostasis is less satisfactoiy, there is lesidual 
dead space which cannot be obhteiated, and theie is moie motion m the 
wmund duiing the convalescent period Befoie radiation w’^as instituted, cat- 
gut was used foi both, but since 1936 most of the mastectomies have been 
pei formed with silk while catgut is still used for the thoiacoplasties The 
unfavorable conditions for healing of the mastectomy wmunds are the poor 
blood supply to the skin flaps, the tension wdneh is at times piesent, and the 
occasional accumulation of lymph or blood beneath the flaps 

The diminishing number of opeiations each year, for 1933, 1934, and 1935, 
was a direct result of our refusal to operate upon patients for thoracoplasties 
duiing the wmtei months and the limited bed facilities during the summer 
The twm fatalities fiom infection m thoracoplasty w^ounds during 1935 occurred 
in April and Octobei (Chait 3), at the beginning and end of wdiat, at that 
time, we considered to be the best season for opeiating upon these patients 
Because of the laige numbei of patients needing this operation w^e had started 
“ciowding the season” by admitting these patients m Maich and continuing 
to perform these operations m the fall However, after the fatality in October 
the othei patients in the hospital foi thoracoplasty weie discharged without 
opei ation 

The number of thoracoplasties performed in 1936 and 1937 was limited 
only by the beds available The diminution in the number of these operations 
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pel year, duiing 1938, 1939, and 1940, has been the dnect result of the 
budding of operating rooms by the state hospitals for tuberculosis* and tbe 
shifting of our woik moie to intrathoracic tumors, pneumonectomies, and 
lobectomies, which are not included 111 this chart but in the group of miscel- 
laneous operations (Chart 10) 

THORACOPLASTIES, SECOND AND SUBSEQUENT STAGEsf — CHART 5 

These opeiations aie placed in a separate chait as potentially infected 
since a reopened lecent operative wound has two souices of infection which 
do not exist in the primary incision The fiist of these is that the few 
organisms gaming entrance to the wound during the previous operation may 
find a haibor about a catgut suture, oi m a collection of fluid m a dead space, 
multiply, but not give evidence of suppuration, and be present m much larger 
numbers to inoculate the second opeiative wound when fiesh tissues are laid 
open The second is that the organisms present m the deeper layers of the 
skin (hail follicles and sebaceous glands) may have grown along the skin 
sutures of the first closure which act as foieign bodies and form cleavage 
planes through the tissues If the sutures are tied tightly, they constrict the 
blood supply and may cause necrosis, but under any condition dimmish the 
resistance of the tissues to invasion by the organisms which are always present 
in the skin Occasionally, if the sutures are left m foi a relatively long 
period, a droplet of pus may be pioduced around one oi more of them and 
piesent at the point where the sutuie pierces the skin — the well known stitch 
abscess These have nothing to do with an operating loom infection and, as 
already noted, are omitted from this statistical study both foi the radiated and 
nonradiated operations Ceitaml}’-, m the case of stitch abscesses and un- 
doubtedl)'', about many sutures wheie there is no gross evidence of pus, there 
must be a growth of the skin oiganisms When the incision is reopened 
14-20 days aftei the preceding operation, and six to 15 days after the sutures 
have been removed, the scalpel must, in certain cases, pass through clusters 
of these oiganisms of relatively low virulence which are still wable As a 
result, a low grade infection may result In our cases, such an infection was 
usually restricted to the subcutaneous fat 01 to a collection of fluid in the 
wound We feel that this lattei explanation accounts foi most of the infec- 
tions in this gioup of reopened thoracoplasty wounds where ladiation was 
used and foi at least a part of the infections in this group where radiation 
was not used 

It has been observed also that where ladiation was not used the infections 

* See note under Thoracoplasties, Second and Subsequent Stages for the experience 
of Doctor Monroe at one of these hospitals 

t Since this chart was originally designated to include all potentially infected 
thoracoplasties, one first-stage thoracoplasty — grossly contaminated by a considerable 
quantitj of germ-laden perspiration during the operation — is included, and accounts for 
one of the two operative wounds classed as severely infected when radiation was used 
in 1936 (Case 3, Reference 9) 
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Ch\rt 4 — Note the high infection rate before radiation was instituted with only one questionable 
mild infection* in a much larger series of similar operations where radiation was used 

The lack of growth of this ser\ice in 1934 and 1935 was caused h> the refusal of rte staff 
to perform these operations during much of the year because of the “fear of infection ” The rapid 
growth in 1936 and 1937 resulted from the remoaal of this fear by air sterilization and was limited 
only by the beds aaailable for such cases The drop in 1938-1940 resulted from the opening of 
surgical serMces at the State hospitals from which most of our patients had been referred ^ 

more careful anahsis and for the experience of Doctor Monroe in reducing the infection rate for 
thoracoplasties at one of the State hospitals from 22 7 per cent to t 09 per cent by the introduction 
of ultraviolet radiation for air sterilization see the text under Thoracoplasties, First Stage and Second 
and Subsequent Stages 

* The ‘mild infection” in 1939 was thought by the operator to be only an hematoma, and drainage 
ceased within two days Cultures, however, revealed both the Staphylococcus aureus and albus Excision 
of an enlarged lymph node during the course of an apicolysis would, at least have to De considered 
is a possible source of the infection if such existed The organisms obtained by culture may have 
been from contamination with skin organisms at the time the culture vvas taken (for abstract see 
Case 6, Reference 7) 

m reopened thoracoplasty wounds weie less numerous, less seveie, and less 
likely to be fatal than the infections occurring in the primary thoi acoplasty 
incisions^ (compare Charts 4 and 5) To us, the most logical explanation 
of this seemed to be that the patient, following the first operation, developed 
a certain amount of immunity, as is known to occur m the peritoneal cavity 
following multiple celiotomies for intestinal surgeiy Even in these reopened, 
potentially infected wounds, with the introduction of bactericidal radiation the 
percentage which became infected was reduced from 23 4 to 6 4 

The effects of the feai of infection in extiapleural thoracoplasties on the 
growth of the service, during 1933, 1934, mid 1935, aie illustrated in this chart 
as 111 Chart 4 The drop, during and since 1938, followed the opening of 
operating rooms at the State Hospitals foi Tuberculosis 

The experience of Di Clement R Monioe’^*’ with infections at the State 
Sanatoi mill, Sanatorium, N C, since opening their opeiating room, was 
given 111 a recent personal communication as follows 

“Before installing ultraviolet radiation at the State Sanatoi luiii, we pei- 
fornied 75 thoi acoplasty stages, with 17 severe infections Since this installa- 
tion we have perfoinied 92 such operations, with the following results from 
the standpoint of infection 

Seveie infection — i — ^following second-stage opeiahon 
Stitch abscess — 3 — ^following second-stage opeiation 
Stitch abscess — i — following fhnd-stage opeiation 
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Ch\rt 5 — Reopened wounds have a potential source of infection from organisms aliead> present 
in the wound These ma\ have gamed entrance at the preceding exposure or may have grown down 
along the skin sutures Under either condition hiving increased in number the> may contaminate 
the tissues exposed at the subsequent operation sufficientti to cause gross suppuration In our opinion 
the few infections in these reopened wounds where radiation was used ma> be explained on this 
basis Tor explanation of the few operations in 1934 and 1935 the great increase m 1936 and 1937, 
and the few since 1938 see the legend to Chart 4 See text for more complete anal>sis 


orthopedic OPERATIONS 7 2130 — 115 41 



Chart 6 — The impiovement ir the infection rate m oithopedic operative wounds occurred in 
1937 sijnultaneouslj with the adoption bj this service of radiation foi their larger operative wounds* 
Compare with other charts in all of which the improvement in the infection rate varied as to time 
but was definitely correlated with the institution of radiation See text for more complete analysis 

The mild infection (’) in 1940 was recorded since six days following bilateral operations for 
hallux valgus what was described as “pus was expressed from the wound on the right foot Cultures 
failed to reveal am growth of organisms and the wound was described as * healing under compresses 
without complications 

* The two infections charted as moderate in 1938 were as folio \s 

(1) One patient with a comminuted fracture of the patella s\philis, and delirium tremens 
walked around on the second and third days after an open reduction and developed an hemar 
throsis The fluid on evacuation, contained the Stap\hlococcus avrciis The wound continued 
to dram and the patient developed an osteomyelitis of the patella 

(2) Another patient with a triple arthrodesis for flaccid talipes equinovanis developed a large 
area of skin slough with a mixed infection (Bcfn hemohtic streptococcus and hemolytic 
st iphylococcus aureus) in the wound \Ve cannot state whether or not this would have 
developed had there been adequate blood supply to tlic flaps 
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“ W e not onl} hai e man} less infections but the postopei atu e com ses 
aie much bettei m all lespects I have nou reached the point uheie I think 
I ould hesitate a long time befoi e undertaking a thoracoplasty in an opei at- 
mg loom not equipped \\ith ultiaMolet ladiation 

ORTHOPEDICS — CHART 6 

Since steiihzation of the an m the opeiating loom uas undertaken as an 
expel imental pioject by one of us and at fiist onh one operating loom vas 
aAailable, it vas not used by the oi thopedists, except for one case, until 1937, 
and then onl} for their laigei pioceduies The impio\ement with its use in 
these cases uas so striking that, b} 1938 it was used b} them foi most of 
their clean opeiations 

The yeai 1937 offers a sti iking illustiation of the 1 eduction in the infection 
rate m the noniadiated opeiations brought about by a selection of cases so 
that the operations moie hkel} to become infected iveie pei formed ivith 
bactericidal ladiation Whereas foimeih the infections m clean oithopedic 
wounds ranged from 10-20 per cent (aveiage 165 per cent) for different 
yeais, during this }eai onl} 6 pei cent of these noniadiated clean operative 
wounds became infected and, then the infections weie ot only model ate 
s event} 

The laige numbei of orthopedic opeiations m this lepoit results from the 
high percentage of clean opeiations on this sen ice, and the inclusion of 
many operations of smaller magnitude, such as excision of a semilunai 
cartilage 01 even an opeiation toi hallux Aalgus The peicentage of infec- 
tions in the largei ai tin oplasties alone was, theiefoie, Inghei than the infec- 
tion 1 ate f 01 the entire group as show n by Chart 6 

The diop in the number of clean opeiations on this seivice, beginning in 
the fall of 1937 and 1938, was due to changes m personnel 

NEUROSURGERY CHART 7 

Chart 7 gn^es a striking illusti ation of the fact that in these patients, w hen 
an operative w'ound becomes infected, it is more likely than m an} other type 
of operation to be fatal This is particularly true foi infections wnth some of 
the less virulent organisms w'hich in the usual wound would produce only a 
mild leaction but in neurosurgery ma} cause a fatal meningitis (Chart 3) 
All these patients wdio died of infected wounds following clean operations 
developed a meningitis, two of them with the Staphylococcus albus Chart 7, 
along with the others, illustrates, clearly, that the infection late changed little 
during 1936 and subsequent years except insofar as it was influenced by 
bactericidal radiation 

The fear of infection also limited the growth of this service during 1933, 
1934, and 1935 As an example, during this period open opeiations upon 
patients suffering wnth trifacial neuralgia w^eie virtually abandoned in favor 
of alcohol injections The small percentage of neurosui gical patients operated 
upon with radiation during 1936 w^as the result of a shortage of suitably 
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equipped opeiating loom space, and the difficulty encountered in working out 
foi the operatoi an adequate protection which still peimitted the use of a head 
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Chart 7 — Air sterilization wns not adopted for all clean neurosurgical operations until earlj in 
1938 for reasons as explained in the text Infections lia\e been practically eliminated* %\here radi 

ation was used Thi« chart also illustrates the lack ot growth of the service during 1933 1934 and 

193s resulting from the fear of infection’ as noted m the legends for Ch irts 4 and 5 
See text for more complete anal>sis 

* The patient recorded as having a mild infection in 1940 developed two stitch abscesses four 

da>s following a cerebellar operation No culture was made On the seventeenth po«5toperative da> 

two small collections of pus viere evacuated from the incision at the site of the stitch abscesses and 
cultures showed the hemolj'tic staphvlococcus aureus The wound had been closed with buried and 
skm sutures of silk A spinal fluid fistula later opened at the site of the stitch abscesses The 
patient died on the fort> fifth postoperative dav is a result of the continuation of the tumor growth 
with an hemorrhage into the tumor This infection was not clas'^ed as a stitch abscess because of 
the subsequent evacuation of pus However the organisms mav have entered about the skin sutures 
and have been harbored about the buried silk sutures 

(During this same year a child with ‘ morcellation of the skull’ for oxycephab twice pulled off 
her dressings fingered the wound developed a skin slough from the tension which was so great 
that the wound could scarcely be closed and subsequentb had an infection with the nonhemolvtic 
staphvlocccus aureus Both the operator ind I considered this infection to be secondarv to the skin 
slough and subsequent contamination so it was omitted from the chart but is mentioned here for 
completeness ) 


lamp During 1937, an increasing peicentage of these operations weie per- 
formed with radiation until September, when a change in personnel again 
raised the difficulties of an individual adjusting his operating technic, with the 
use of a head lamp, to adequate protection of himself At this time, radiation 
was abandoned completely until early m 1938, with the resultant infections as 
shown in the chart for 1937 and 1938 Since early in 1938, radiation has 
been used for all large clean neurosurgical opeiations 

HERNIORKHAPHIES — CHART 8 

The infections m hernia wounds without radiation were usually mild or 
moderate but are of seiious import since they predispose to a recurrence 
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CiivRT 8 — Infections in licrnn ivounds were never serere or frequent enough to interfere with 
the growth of the serMce, hut did cause the tempornr> abandonment of the “silk technic” After 
the institution of ndntioii, silk was again used in all clean hernia operations The absence of 
infection and the improaed healing brought about b> a diminution in the wound contamination and 
the use of less irritating suture material has undoubtedly resulted in a diminution in the percentage 
of recurrences * 

* The statistics on infections in hernia wounds were obtained from Dr William F Hollister, who 
IS making a sur\e> of the postoperative results This survey has not been completed, but it seems 
safe to prophesj that since the institution of bactericidal radiation and the return to silk technic, the 
percentage of recurrence after comparable periods of time will be greatly reduced 


THYROIDECTOMIES — CHART 9 
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Chart 9 Before beginning the use of radiation, infections in our thyroid wounds were rare 
and no infection was severe or fatal so there was no curtailment in the growth of this service because 
of fear of infection and silk was never abandoned Air steiiliration, however, has produced an 
appreciable iiiiprovemeiit by the elimination of the occasional moder ite infection that had occurred 
when the air was not stenlwed 
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This analysis should be interpieted with the following facts in mind 

(1) After 1936, silk was again used (it had been abandoned previously 
because of the recuning infections) foi all hernia operations and this, of 
course, had its effect in securing improved wound healing 

(2) The skin in the inguinal legion, as contiasted to most othei areas 
of the body, has a much laiger numhei of bacteiia present towaid the end 
of an opeiation, particulaily when the patient is perspiring freely 

(3) Some of the herniae weie large, as the incisional, and umbilical, 
while othei s, particulaily the inguinal hermae m childien, were small 

(4) With the institution of bacteiicidal ladiation foi the laigei hernia 
opeiations, dm mg 1936 and 1937, infections weie almost eliminated (It 
should be emphasized again that all feasible piecautions weie already m use 
to piotect the open wound from the skin organism ) 



Ch \RT 10 — This chnrt indudes tII operations performed with radntion Tiid not included in 
Chaits 4-9 It IS gi\en m order to make a complete presentation of our operative experience with 
the use of air sterilization See tcvt for moie complete analvsis 


MISCELLANEOUS OPERATIONS — CHART 10 
Beginning shoitly aftei the installation of the fiist ladiation unit an m- 
ci easing number of miscellaneous operations (Chait lo) not included m 
Chaits 4-9, inclusive, have been perfoimed m such a field of sterile air They 
include a wude vaiiety of opeiations m geneial — thoiacic, plastic, and urologic 
suigeiy — and this chait serves, piimarily, to complete the piesentation of the 
total numbei of opeiations pei formed in a field of ultraviolet ladiations It 
also shows the iinpi ovement in this heterogeneous gioup of opeiations brought 
about b}" the use of an sterilization, even though their diveise tvpes make 
comparisons somewhat less valuable 
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The cases without lacliation that weie analyzed include only splenectomies, 
ceitain othei celiotomies 'wheie the hollow visceia weie not opened, nerve 
sutmes, excision of benign bieast tumois, and ceitam othei tumors ovei the 
body Also in this gioup aie the lemaining thiee deaths from infections 
listed on Chait 3. and not included 111 the opeiations shown on Chaits 4-9, 
inclusive Othei types of these miscellaneous opeiations pei formed without 
ladiation weie not analyzed because theie was not a sufficient number of any 
one type to give statistics nhich could be evaluated 01 compared 

The ladiated gioup m this chait is moie diveise, since eveiy operation 
peifoimed m a field of bacteiicidal ladiation and not included in one of the 
othei chaits is listed heie Slightly less than 200 of these were potentially 
infected at the tune of the opeiation All operations with ladiation aie in- 
cluded m the columns indicating the totals, but every potentially infected case 
both nith and without ladiation was 1 tiled out m the analysis for infections 
m clean opeiations as indicated b}^ the shaded aiea Aftei eliminating these 
potentially infected opeiations, theie weie between 600 and 700 miscellaneous 
clean opeiations peifoimed m a field of ultraviolet ladiation, with only one 
infection 

This infection with the hemolytic staphylococcus auieus followed a four- 
houi opeiation for lemoval of a cystic hygroma of the neck, dm mg the couise 
of which the submaxillaiy gland nas cut acioss It may have lesulted fiom 
cutting acioss the salivaiy gland, from lymphatic diainage fiom the mouth or 
respiiatoiy passages, fiom skin contaminants, or may have oiiginated fiom 
contaminants leaching the wound fiom outside the body, such as fiom the air 
01 from some othei unexplained souice 

INFECTING ORGANISMS 

Ninety-one per cent of the oigamsms causing the infections lepoited 111 
this survey both m the fatal and nonfatal cases, with and without radiation, 
were staphylococci, Mhile 83 per cent of all offending oigamsms weie hemo- 
lytic 01 nonhemolytic staphylococcus auieus (Table I) Many of the organisms 
leported as Staphylococcus auieus weie undoubtedly hemolytic, as the labora- 
tory did not always lepoit on hemol3'^sis In geneial, the moie severe infec- 
tions weie caused by the hemolytic staphylococcus auieus 01 b} a combina- 
tion of a hemolytic stieptococcus with the Staphylococcus aiij cus 01 colon 
bacillus, with the exception that m ceitain brain opeiations, organisms of rela- 
tively low Aurulence at times produced a fatal meningitis (Chait 3) 

Of the 142 positively identified oigamsms, 127 weie fiom 207'*' infected 
wounds in the 1,735 clean opeiations peifoimed without ladiation, and 
eight weie fiom the nine infected wounds among the 140 reopened thora- 
coplasty wounds where ladiation was used Only seven were from six mild 

*Many orthopedic patients Mere discharged in a plaster encasement, ivithout a 
culture having been taken, and the infection was diagnosed without a culture from the 
draining wound described in the follow-up clinic, in certain other cases a cultu“e was 
taken but the report ivas not lecorded, while in some mild or moderate infections there 
evas no lecord of a culture having been taken 
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01 model ately infected wounds (two having mixed infections, and one having 
no giowth) out of a total of 2,463-f- clean primary incisions (including 283 
first-stage thoracoplasties and radical mastectomies) wheie ladiation was 
used (Charts 2-10 and Table I), as follows 

(1) First-stage thoiacoplasty, with excision of an enlaiged lymph node 
dm mg mobilization of the apex (Chart 4) 

(2) Triple arthiodesis of the ankle, with a laige slough of the skin 
flaps (Chart 6) 

(3) Open reduction — comminuted fracture patella — wheie lest was 
not obtained (Chait 6) 

(4) Cerebellar exploration — piobably started as a stitch abscess 
(Chart 7) 

(5) Excision of hygioma neck, with cutting across lymphatics and 
submaxillaiy gland (Chait 10) 

Out of this total of 142 positivety identified oiganisms in wounds, either 
111 pure or mixed cultuie, the Beta hemolytic streptococcus was present only 
seven times, or 5 pei cent of the total (Table I) Six of these seven were 
mixed infections (with the hemolytic staphylococcus aureus 111 two, the 
Staphylococcus aiaeus [no note as to hemolysis] 111 three, and the colon 
bacillus in one, the only pine culture being from an henna, with a mild in- 
fection Four of the seven wounds infected with hemolytic streptococci were 
on the Oi thopedic Division * and three of the foui patients so infected died 
as a result The only death fiom a streptococcal wound infection, other than 
on the Orthopedic Seivice, was fiom peritonitis following biopsy of a retro- 
peiitoneal lymph node during a celiotomy for an inoperable carcinoma of the 
stomach This infection, in a debilitated patient (Chait 3 — Maich 21, 1931), 
may have followed cutting across infected lymphatics 

Thus, four, 01 21 per cent, of the 19 patients who died of an “unexplained” 
opeiative or postopeiative infection (Chart 3) showed the Beta hemolytic 
sti eptococcus 111 then wound, but in none of the foui was it present m pure 
cultuie Howevei, the two of these four patients with a pi oven septicemia 
did show the Beta hemolytic streptococcus in puie cultuie in their blood 
Thus, even though this organism was piesent, usually as a mixed infection, 
in only 5 pei cent of the total infections, it was piesent and played an im- 
poitant idle m 21 pei cent of the deaths from infection We are unable to 
make any statement as to whether or not the combination of organisms in- 
Cl eased the seventy of these streptococcal infections, but it seems quite likely 
that it did 

Undoubtedly, when the Beta hemolytic streptococcus is a common respira- 
toi} tract contaminant it will assume a idle of inci easing importance, insofar 
as wound infections aie concerned This is illustiated clearly in the repoit, 
of Walker,^^ from a teaching hospital m Boston, wheie at one time during 
* Tins suggests the possIbIllt^ of a earner being present on that service 
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the wintei montlis the postopeiative infection late was as high as 42 per cent, 
with an exaccibation of sti eplococcal w^ouncl infections simultaneously with 
an inciease in the sti eptococcal thioat infections 

In oui expeiience, also, at ceitam peiiods seveie opeiative infections aie 
fai moie pievalent than at otheis, as illustiated by the months of November, 
Decembei, and Januaiy, 1933-1934 (Chait 3) Duimg this time, there w^ere 
SIX deaths as a lesult of clean wounds becoming infected, all with the Sta- 
phylococcus aiDcus (hemolytic in foui, but wuth no note as to hemolysis in 
tw'o), but wuth one patient’s w'ound also shownng the Beta hemolytic 
sti eptococcus Cultuies levealed that a numbei of the peisonnel weie per- 
sistent cariieis of the hemolytic staphylococcus auieus in then nose and 
throat, and, at one time, appi oxiinately 80 pei cent of the geneial popula- 
tion and of the opeiating loom personnel weie either transient or peisistent 
cariieis of the hemolytic 01 nonhemolytic staphylococcus aureus in their 
lespiiatoiy passages During othei years, the percentage of positive cultuies 
of these oiganisms fiom the nose and thioat has lemained fai below this 
ler el 

Of the 19 patients dying fiom infection in a clean wound, tn none of 
%vluch radiation was used (Chait 3), only five (four noth brain operations 
and one with an oithopedic opeiation) failed to show the Staphylococcus 
aweus in then wound, and one of these show^ed, on the smeai gi am-positive 
cocci in clumps — pi obably staphylococci — but the cultui e w'as ovei grown with 
B piotcus and this organism was not positively identified Eleven of the 
patients wdio died (including thiee of the seven patients dying of meningitis 
following a biain opeiation) had then w'ound infected with the Staphylococcus 
aineus in pure cultui e In nine of these, it w^as definitely stated that the 
organism was hemolytic, while m two theie w^as no note as to hemolysis 
(Chait 3) In neurosui gery, death fiom meningitis may be caused by less 
virulent organisms, wdiich in the usual wound w'ould at most cause only a 
trivial 01 moderate infection This is illustiated by the foui deaths fiom 
meningitis, caused b}' the Staphylococcus albus in two cases, a gram-positive 
diplococcus m one case, and by an unidentified gi am-positive coccus in clumps 
in one case (Chart 3) All other deaths fiom infection were caused by the 
Staphylococcus am eus, usually hemolytic, or the hemolytic streptococcus, or a 
combination of organisms, in Avhich one or both of these played a pait 
Wheie radiation was used, there has been no seveie or fatal “unexplained” 
wound infection m any clean pi unary incision 01 leopened wmund The six 
infections, or o 24 pei cent, some of questionable origin, that occurred were 
caused by Staphylococcus am eus 01 alhus m all cases, except one oithopedic 
operation wdieie theie w^as a mixed infection with the Beta hemolytic strepto- 
coccus and hemolytic staphylococcus aureus The latter infection may have 
occuried m the opeiating room but it may not have developed had not there 
been a laige skin slough (Chait 6) It is mteiestmg to note that this is the 
only orthopedic patient m this report infected wuth this combination of or- 
ganisms wdio did not die as a result of the infection 
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T^blc I 

ORGANISMS CAUSING INFECTION IN CLEAN MOUNDS (7/21/30-1/15/41) 
Without Radiation With Radiation 


Organism 

All Wounds 

Wounds ^Mth 
Fatal Infection 

Primar> 

Incision 

Reopened 

Wounds 

Deaths from 
Infection 

Hem staph aureus 

54 

9 

2 

3 

0 

Staph aureus* 

(Staph aureus) 

44 

2 

2 

3 

0 

(fl hem strep ) 

(Hem staph aureus) 

3 

3 

0 

0 

0 

(B hem strep ) 

I 

0 

1 

0 

0 

Staph albus 

0 

2 

I 

2 

0 

B hem strep 
(B hem strep ) 

I 

0 

0 

0 

0 

(B coll commumor) 

I 

I 

0 

0 

0 

Colon bacillus 

3 

0 

0 

0 

0 

Proteus overgrow th 

2 

I 

0 

0 

0 

B subtihs 

2 

0 

0 

0 

0 

B pyocyaneus 

r 

0 

0 

0 

0 

Gram pos diplococci 

I 

I 

0 

0 

0 

Total organisms 

127 

23 

7 

s 

0 

* This group contains all organisms where there was no note as to hemolysis Since the cultures were 

made by interns rotating through the laboratory and thej at times did not differentiate between hemolytic 
and nonhemolytic staphylococci undoubtedly a number of these organisms were hemolytic 


Ninety-one pei cent of all positive cultuies showed a staphylococcus, with 
the Staphylococcus auicus (hemolytic oi nonhemolytic) in 83 pei cent Five 
of the wounds (36 per cent of the total with positive cultuie) showing 
Staphylococcus auicus also contained the Beta hemolytic sti eptococcus The 
latter organism uas piesent only seven times (51 per cent of all infected 
wounds), on only one occasion 111 pine cultuie (a mild infection in an in- 
guinal heinia), while the mixed infections showed, in addition, staphylococci 
111 five, and colon bacilli in one Four of these six mixed infections resulted 
in the death of the patient (Chait 3) With the exception of brain opera- 
tions wheie an oiganism of 1 datively low virulence may cause death from 
meningitis, all fatal infections weie caused b} the ]iemol3'tic staph3dococcus 
aureus or the Beta hemol3itic streptococcus eithei singty or as part of a mixed 
infection A combination of these two organisms seemed to be pai ticulai ty 
virulent (Chart 3) 


SUMMARY AND CONCLUSIONS 

(i) In evaluating air steiihzation as an addition to “aseptic operating 
loom technic,” selected groups of large clean operations (all thoracoplasties, 
radical mastectomies, heinioirhaphies, th3iroidectomies, oithopedic, and neuro- 
surgical operations), some of each gioup pei formed with and others without 
radiation, as given m the charts, and covering a peiiod of ten and one-half 
3"ears, nere anatyzed for unexplained infections 

The operations anatyzed can be divided into two groups 

(I) 1)313 out of a total of 15,674 performed before ladiation was 
instituted — a period of five and one-half 3iears, and 
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(II) 3,2/2 (469 Without ladiation and 2,803 with radiation) out of 
a total of 30,695, peifoimed aftei ladiation was instituted — a 
peiiod of five yeais 

As a fuithei check on the value of bactericidal ladiation the records of 
all patients dying following any type of opeiation (appioximately 700 were 
analyzed to deteimine the nuinhei of deaths fiom "unexplained” infections 
in clean w^ounds) Out of the hist gioup of 15,674 opeiations, before radia- 
tion was instituted, theie w^ere 17 deaths fiom "unexplained” infections 
(Chaits I and 3), while out of the second gioup of 30,695 opeiations, after 
radiation was instituted, there have been only tw'O deaths fiom “unexplained” 
infection where ladiation w^as not used and no such death wdieie ladiation 
w^as used (Chaits i and 3) Duiing this last peiiod most of the large 
wmunds likely to develop a seveie infection have been protected fiom air 
contaminants dining opeiation by bacteiicidal ladiation 

(3) The an in the opeiating 100m is contaminated by the occupants who 
cairy pathogenic oiganisms m then noses and tin oats 

(4) The geneially accepted opeiating 100m mask wnll pi event massive 
dioplet infection, but wnll not pi event the nose and tin oat contaminants 
fiom being given oft into the an m finei particles 

(5) Fatal "unexplained” w'ound infections in the Duke Hospital have 
occuiied only dm mg the months wdien the an contamination and respiratory 
tiact infections w'ere likely to be high (Chait 3) 

(6) Seieie "unexplained” opeiating room infections may reach epidemic 
proportions at laie intervals (Chait 3) 

(7) The degree of an contamination can be reduced by supplying large 
quantities of clean air which is not lecirculated, 01 by sterilizing recnculated 
air in the ducts, but recontammation of the an by the occupants of the room 
prevents a reduction in the bacterial level by these measuies to a point 
adequate for the pievention of wmund infection 

(8) Aftei a most detailed analysis of the conditions in oui operating 
rooms, coveiing a peiiod of several yeais, we w^eie forced to the conclusion 
that the pathogenic bacteiia, given off from the lespnatory passages of the 
occupants, and floating m the au, constituted the greatest hazard of infection 
in a clean w^ound in the modem w'ell-iun operating 100m 

(9) As an expel imental project to prove 01 disprove the conclusions given 
m the preceding paragraph (8), w'e adopted an steiihzation by ultraviolet 
radiation (ovei 85 per cent at 2537A) of an intensity throughout the entne 
room adequate to reduce the sedimenting viable bacteria at the operative site 
(including the sterile supplies) to 1-2 colonies pei Petii dish, per hour of 
exposure 

Although many things may be done to reduce the air contamination, we 
have as yet found no method that is as adequate 01 as simple as continuous 
exposure of the air to this bacteiicidal radiation 

Affcntion must be kept ceutcteci oji the impoitancc of an contanunation 
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1)1 the opeiatmg loom and not dweited to the paiticulai method of con- 
t) oiling it 

(lo) Sterilization of the an by radiation resulted in the following reduc- 
tion in the “unexplained” infections (Table II) 


Table II 



Without 


With 


Radiation 


Radiation 

Thoracoplasties first stage, and 




radical mastectomies 

32% 

to 

0 3 S% 

Orthopedic operations 

16 S% 

to 

0 74 % 

Neurosurgical operations 

P% 

to 

0 22% 

Herniorrhaphies 

8 3 % 

to 

0 00% 

Partial thyroidectomies 

I 8% 

to 

0 00% 


(11) The death rate fioin “unexplained” infections in these large clean 
operations leported, was reduced from i 07 per cent m 1,735 operations 
performed with the generally accepted methods of protecting the wounds 
duimg opeiation from nose and thioat contaminants, to zero per cent in 
2,463-1- opeiations performed with the wound piotected during operation by 
stei ilization of the an with ultiaviolet radiation 

(12) Reopened wounds aie moie likely than primary incisions to become 
infected from sources othei than the an 

(13) In the Noith Carolina Sanatoiium, at Sanatorium, N C, the per- 
centage of thoracoplasty wounds (all stages) having seveie infections was 
reduced fiom 227 pei cent in 75 consecutive opeiations without ladiation 
to I 09 per cent foi the next 92 operations which were performed with bac- 
tericidal radiation The only opeiating loom infection in the latter group 
was m a wound reopened for the second stage (compare with Charts 4 
and 5) 

(14) The pathogenic bacteria most commonly encountered in this ten and 
one-half-year period of study covering wound infections, air contamination, 
and the nose and throat flora, have been Staphylococcus aniens, both hemo- 
lytic and nonhemolytic (Chait 3 and Table I) 

Hemolytic streptococci, while laiely encountered in this analysis (5 per 
cent of the total identified oiganisms obtained from wounds), have usually 
occurred in combination with other oiganisms, pi edominantly Staphylococcus 
aniens (Chart 3 and Table I), and have caused the death of 57 per cent 
(four out of seven) of the patients so infected Even though infections with 
the hemolytic streptococcus in our experience have been rare, under condi- 
tions of widespread nose and thioat contamination with this oigamsm, it 
can become a major threat in any operating room if air transpoi tation of 
bacteiia is ignored 

(15) In wounds protected from air contaminants during operation by 
sterilization of the air with ultraviolet radiation, any type of “unexplained” 
infection 111 a clean wmund w'as extiemelj' lare and never severe This 
indicates that the organisms w^ere present in smaller numbers, w'ere attenuated 
or less virulent, gained access to only a localized part of the rvound, or that 
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the wound itself had an inci eased lesistance to the infection (Chaits 3-10 
and Table I) 
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Textbook or Surgery By John Homans, M D , Fifth Edition Springfield, 111 
Charles C Thomas Co , 1940 

In thf preface to the First Edition of Homan’s Surgerj', the author credits Dr 
Harvey Cushing with inspiring him to record and ampliE lectures then given bj' members 
of the Surgical Department of the Harvard Medical School, and to put into writing 
within a single volume the history, the fundamentals, and something of the practice of 
surgery The immediate success of his first edition was evidence that he accomplished 
these aims, and a second edition followed within a jear The present volume completes 
the fifth, published in less than nine eears This is a record that should be enough to 
satisfy even the present generation of undergraduate medical students, and it certainly is 
an unusual achievement for an author at the present time 

To attempt to review in detail the text of this last edition would be like “painting 
the lily ’’ As m all former editions, it makes delightful reading, and to the reviewer, no 
higher compliment could be received than a recent statement of a medical student 
“It reads like a novel ” 

Walter Estell Lee, M D 


Publications from the Division or Surgert 01 the Northwestern Universitt 
Medical School Chicago 1940 

The publications during 1939 of the Division of Surgerj of the Northwestern Uni- 
versity Medical School have been collected and published as Volume 6 

These papers have all appeared in various medical and surgical journals during the 
>ear, and as they are not indexed m this volume, nor are they arranged in such a way as 
to facilitate their use for reference, it is evidently the intention of the editors that the 
papers will be consulted and referred to as indexed m the Index Medicus and the Quar- 
terlj Index 

The 44 papers cover many subjects, including Technic, Pre- and Postoperative Care, 
Water and Electrolyte Balance, Chemotherapy, Diseases, Congenital Anomalies, Trauma, 
Malignancies of Special Organs, and many Sj stems, and they represent productive effort 
of which the Medical School has reason to be proud 

W ALTER Estell Lee, M D 
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BLOOD TRANSFUSION REACTIONS THEIR CAUSES AND 

PREVENTION 

Leo M Zimmerman, M D , Anne Majiie Strauss, M D , and Harold 

Laufman, M D 

Chicago, III 

FROM THE TRAhSFUSIO'f DEPARTMENT AND THE DEPARTMENT OF SDRGERT, AIICHAEL REESE HOSPITAL CHICAGO ILL 

The last few years have seen a tremendous increase in the use of blood 
transfusion, the fruition of three centuries of experiment and effort to treat 
disease by the administration of blood The present-day, widespread use of 
this therapeutic measure coincides with the perfection of indiiect methods of 
transfusion and the demonstration that these methods are eminently safe 
Glowing out from the indirect transfusion have come preserved blood trans- 
fusions and the transfusions of seium and plasma, all of which have greatly 
extended the scope and indications of blood transfusion This vast increase 
ill the numbers of transfusions given constitutes a challenge to reduce the 
incidence of untoward reactions to the lowest possible figures Experience 
has shown that the causes of posttransfusion reaction are not mheient in the 
mdiiect methods, and that the control of such reactions demands centralized 
responsibility over all of the component steps of the transfusion operation, 
careful supervision of the numeious individual potential sources of error, and 
everlasting alertness to trace and eliminate breaks in technic The purpose 
of this paper is to record the evolution of the present blood transfusion set-up 
at Michael Reese Hospital, tracing the gradual reduction of transfusion reac- 
tions, and to describe a modern blood transfusion department for a general 
hospital 

Oi gamzation of a Blood Ti ansfusion Depmtment — The first requirement 
in establishing an adequate blood transfusion service is the creation of a 
definite department in which all of the phases of the operation are centralized, 
and under unified responsibility and control If the typings and serologic 
examinations are done in one department, the cleansing and sterilization of 
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equipment in another, the drawing of blood in a third, to say nothing of the 
preparation of solutions, distillation of water, testing for the presence of 
pyrogenic substances, maintenance of donor lists, and keeping of records, it is 
obviously impossible to place responsibility foi the occui rence of reactions, or 
to trace them to their source when they do appear 

The Blood Transfusion Department was established at Michael Reese 
Hospital in September, 1939 Separate quarters were allotted for this impor- 
tant work, and full-time personnel were assigned to carry out the various 
procedures incident to transfusions The whole was placed under the direct 
and sole responsibility of the Director of the Serum and Transfusion Centers 
The Department continues to function as constituted with increasing satis- 
faction All phases of the effort connected with the transfusion of blood, 
other than its actual injection, are performed in the Center Here the blood 
groupings and compatibilities are determined, the Wassermann and Kahn 
tests made, and the other necessaiy laboratory examinations carried out 
Professional donor lists are maintained and kept up to date, prospective 
donors are subjected to careful physical and hematologic examination, and 
family donors are selected and tested All equipment for both the withdrawal 
and administration of blood is cleansed, assembled, wrapped, and sterilized in 
the Center An adequate system of checks and cross-checks has been adopted 
to avoid infusing the blood into the wrong patient If repeated reactions 
occur, an immediate remvestigation of the entire procedure is made, with the 
aid of pyrogen tests, until the cause is found and eliminated 

Exaimnahon of Piofesswnal Donors — Rigid requiiements must be ful- 
filled before a person can be registered as a professional donor Only healthy 
young males with good veins are selected A careful history is taken of each 
candidate to rule out allergy, tuberculosis, malaria, and syphilis A complete 
physical examination is then made This includes a Wassermann and Kahn 
test, complete blood count, and differential blood smear examinations Syphilis, 
secondary anemias, blood dyscrasias, and malaria are thus ruled out 

No professional donor is used more often than once in six weeks The 
serologic tests are repeated every six weeks In addition, the genitalia and 
the oral cavity are inspected immediately before blood is drawn for transfu- 
sion, in order to rule out recent syphilitic infections in which the serologic 
tests have not yet become positive 

Active donor lists comprising the various blood groups are maintained at 
all times Prospective donors must remain on call, and within 20 minutes’ 
reach of the hospital Blood can thus be delivered to the patient within 30 
minutes from the time the call is received m the Transfusion Center 

Examination of Family Donots — Family donors who wish to provide 
blood are typed m the Transfusion Department and, if their blood group is 
found suitable, cross-compatibility tests are made An immediate Kahn test is 
then done on the serum of the prospective donor Family donors are obvi- 
ousl}’^ less amenable to the rigid control exerted over professional blood 
donors It is not feasible to take a complete history, or to do a careful 

962 



Volume m BLOOD TRANSFUSION REACTIONS 

Number 6 

physical and hematologic examination Even the inspection of the genitalia 
and oral cavity is sometimes resented These considei ations, plus the time 
consumed in making the Kahn test, which takes about an hour, make family 
donors less desiiable than professional ones aside, of course, from the eco- 
nomic factors 

Methods oj Typing — It goes without saying that careful blood gioup 
determinations are made upon all piospective patients and donors Emphasis 
IS placed upon the use of high-titer testing sera, to obviate the possibility of 
overlooking faint agglutinations, which may occur with low-titei sera The 
International classification of the blood gioups (Landstemer) is used rather 
than that of Jansky or Moss, so that there will be no room for doubt or mis- 
understanding The four gicups, according to the International classification, 
are designated O, A, B, and AB, on the basis of the presence or absence of 
agglutinogens m the cells 

In addition to the blood typings, direct compatibility tests aie made before 
each transfusion, matching and cross-matching the blood of the donor with 
that of the patient These tests lequire veiy little additional time, and con- 
tribute materially to the safety of the tiansfusion By rejecting all bloods that 
give the faintest question as to compatibility, the dangeis of subgroup ag- 
glutination can be avoided 

Collection of Blood — We aie now using commercially piepared vacuum 
bottles exclusively foi the collection of blood for transfusion These bottles 
are hermetically sealed, and contain pyrogen-free 2 5 per cent sodium citrate 
in physiologic saline solution A large-boie needle, equipped with a metal 
valve for regulating the rate of flow, is plunged through the stopper, into the 
bottle Attached to the valve is a short length of rubber tubing which is 
armed with a No 16-gauge blood-letting needle With this apparatus, the 
procedure of di awing blood is exceedingly simple, and can be done by one 
person, unaided The needle is introduced into the vein of the donor, the 
valve IS opened slightly, and the blood is drawn by suction into the closed 
bottle When the desired amount has been obtained, the needle is withdrawn 
from the arm, the valve-bearing needle is removed from the stoppei, and a 
sealed, sterile flask of citrated blood is ready for administration or storage, as 
may be desired 

The administration of the blood is not a function of the Transfusion Center 
The flask, properly prepared and labeled, is turned over to the clinical staff 
for injection The technic thereof is equally simple Another needle pierces 
the stoppei, and is attached to an infusion set which is equipped with a fine- 
gauge metal filter and a dnp-chambei The bottle is inverted, the needle 
insei ted into the vein of the patient, and the blood is given by the drip method 
m a manner similar to that of any intravenous infusion The blood is, at 
all times during the procedure, kept in a closed system, and is not exposed to 
ail 01 external sources of contamination, thereby minimizing greatly the 
potential causes of posttransfusion reaction 

Cleansing of Equipment— Pyi ogen Tests— li is now recognized that most 
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reactions are of the pyrogenic type, and that these aie almost invaiiably due 
to the presence of contaminants m the apparatus or solutions Proper cleans- 
ing of all parts of the equipment used is, therefore, of paramount importance 
m controlling transfusion reactions ® The glass and metal parts are cleansed 
relatively easily by washing m an acid solution, followed by distilled water 
Care of rubber tubing is more difficult In order to remove soluble pyrogens. 
It IS necessary to boil the tubing first m a weak solution (o i oi 02 pei cent) 
of sodium hydroxide, and then m distilled water 

In ordei to be sure that no injurious foreign material lemains 111 the 
tubing, a sample of the final washings in each batch is subjected to a pyiogen 
test This consists of injecting an isotonic and sterile quantity of this mateiial 
into the ear-vein of a labbit If pyrogenic substances aie present, the animal 
will exhibit a typical pyiogenic reaction, with fever and, possibly, chills 

When the equipment has been proved to be satisfactorily clean, it is 
wrapped and autoclaved, and is then leady for use Records are kept of all 
rubber tubing used, including the date of its preparation and the results of 
the pyrogen test This facilitates checking back if reactions are reported 
Stoiage of Blood — Most of the blood transfused at Michael Reese Hos- 
pital IS administered immediately, or within a few hours after collection 
While there aie certain advantages m the use of stoied blood, paiticularly in 
urgent cases, where the time factor is so important, there are also comparable 
objections due to the rapid dismtegiation of leukocytes, platelets and pro- 
thrombin, and to the shoiter survival period of the stored red cells 
Other things being equal, we prefer the use of fresh blood, but a stock of 
refrigerated and citrated blood is kept on hand for emergency use 

It has been our policy to store blood for not longer than three days If it 
is not used within that period, the plasma is drawn off under sterile condi- 
tions and pooled, to be used foi plasma transfusions When stored blood is 
used, no attempt is made to waim the refrigerated blood befoie injection 
because it has been shown that the administration of blood at low temperatui es 
IS not injuiious, wheieas the artificial heating of blood inci eases the iisk of 
hemolysis^ ^ 

Methods of Keeping Transfusion Records — The importance of keeping 
detailed records of every transfusion cannot be too strongly emphasized If 
the entire clinical situation surrounding the administration of blood is tabu- 
lated in a systematic manner, it becomes lather easy to trace the factors con- 
tributing to a posttransfusion reaction The records are filed chronologically, 
with a cross-index arranged alphabetically (patients’ names), as well as 
according to diagnosis or indication for transfusion This infoimation is 
acquired from several sources, including an abstiact of the patient’s chart, 
leports from inteins and nurses, and by follow-up by the Tiansfusion Depait- 
ment If a severe reaction is reported, a posttransfusion specimen of urine is 
examined for the presence of hemoglobin, and the clinical findings are cor- 
related and compared with the pretransfusion course of the patient The 
transfusion record chart used is herewith reproduced 
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TRANSFUSION RECORD 


Drawn 

Donor Name 

Age Sex 

History_ 

Rectpient Name 

Age Sev 

Disease 

Blood Days Preserved 

Amount 

Kahn 


Given 

Address Tel . 

.Wgt Phys Cond Rbc Hgb 


Address T el 

.Wgt Type —Allergy 

Duration 

T ype Compatibility 

Sterility 

—Wassermann Solutions added— 


Admtinsiralton 

Duration 

Smoothness of flow 

Amount actually given 
Remarks 


EFFECTS (including preceding 48 hours) 

Date 48-24 H 24-0 H 0-24 H 24-48 H 48-72 H 

before before after after after 

RBC 

HGB 

T (max ) 

T (mm ) 

P 

R 

BP 

Chills 

Cyanosis 

Gen Cond 

Unne 

Ashby Count 

Remarks 


BLOOD TRANSFUSION REACTIONS 

Blood tiansfusion reactions may be classified simply as (i) pyrogenic or 
febrile, (2) allergic, and (3) hemolytic Of these, the most frequent by far 
are the pyrogenic reactions These consist essentially of a chill coming on 
during or shortly after the transfusion, followed by a sharp rise in tempera- 
ture, which returns to normal within 24 or 48 hours We consider a major 
pyrogenic reaction one in which there is a rise in temperature of at least two 
degrees above the pretransfusion level If the temperature elevation is less 
than two degrees, it is considered a minor reaction Pyrogenic reactions ai e 
not followed by jaundice, urinary retention, or hemoglobinuria These phe- 
nomena indicate an incompatibility or hemolytic reaction While the pyrogenic 
leaction is of itself not dangerous, the added load it imposes upon patients 
already critically ill cannot be disregarded 

Pyrogenic reactions are caused, almost invariably, by the inadvertent 
injection of foreign protein matter with the blood Such foreign material may 
be present in any part of the transfusion apparatus, and particularly in the 
rubber tubing A frequent source of febrile reaction is the water from which 
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the solutions are made, or that which is used for the final irrigation of the 
apparatus If, in the process of distillation, such fluids are incompletely- 
freed from pyrogenic material, febrile reactions will ensue Similar reactions 
are frequently seen following infusions of saline or glucose solutions which 
contain protein contaminants In evaluating the source of posttransfusion 
reactions, therefore, it is important to know whether such fluids, if given, 
contained pyrogenic substances 

Alleigic reactions following transfusions of blood usually manifest them- 
selves m the form of urticaria, occasionally by asthma or other visceral dis- 
turbances Such reactions are readily controlled, as a rule, by the administra- 
tion of adrenalin and are included, therefore, with the minor reactions They 
are seen at times when a patient receives blood from the same donor for a 
second or third time, or when the donor has a history of allergic sensitivity 
Occasionally, such reactions can be traced to blood drawn shortly after the 
donor has eaten To reduce the incidence of this type of reaction, it would 
appear that allergic persons should not be taken as blood donors and that, 
whenever possible, blood should be drawn during tbe fasting state However, 
allergic symptoms are frequently seen following transfusions where neither the 
patient nor donor have been known to have allergic tendencies 

Hemolytic reactions are extremely uncommon, fortunately, since the gen- 
eral adoption of careful and accurate blood typing and cross-matching Such 
reactions are usually due to incompatibility of the bloods, although occasionally 
overheating or prolonged storage of blood may cause sufficient destruction of 
red cells to cause a hemolytic reaction The clinical manifestations of such 
reactions are severe lumbar pain, dyspnea, cough, chills, and varying degrees 
of collapse, followed by jaundice and hemoglobinuria These may lead to 
complete anuria and death from uremia If diuresis can be effected, recovery 
usually ensues The severity of hemolytic reactions is proportional to the 
amount of erythrocytic destruction m the infused blood 

Analysis of Records of 2,500 Tiaiisfiisions — In order to determine the 
actual incidence of blood transfusion reactions, and to compare the incidence 
following successive changes m technic, we have studied flve series of 500 
transfusions each Prior to 1937, direct transfusions were administered 
routinely at the hospital The technic used was the Strauss^^ modification of 
the Lindeman method, in which multiple large syringes are alternately filled 
with blood from the donor and immediately discharged into the vein of the 
recipient The first series consists of 500 consecutive transfusions done by 
this method 

During the year 1937, citrate transfusions were reintroduced into the hos- 
pital and, almost overnight, there was a general and spontaneous adoption of 
this method The original Lewisohn technic was employed, wherein the blood 
IS collected into an open flask or beaker containing citrate solution, and is in- 
fused by gravity through a funnel, with several thicknesses of gauze for a filter 
The second series of transfusions was drawn from this period 

The third series of cases dates from 1939, and represents the early experi- 
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ences with the revised technic in the new Transfusion Department The 
fourth series of 500 transfusions were taken from the second year of the activi- 
ties of the Transfusion Center after the elimination, one by one, of a number 
of sources of transfusion reactions The final series of 500 transfusions were 
given during a ten-week period in the spring of 1941, and represent the cur- 
rent status of transfusion effects 

Results — The change m transfusion technic from the direct to the citrate 
blood method was reflected in an immediate and striking inciease in the num- 
ber of transfusions given Prior to 1937, an average of 500 transfusions were 
given annually in the hospital At the present time, thanks to the greater ease 
and facility of the citrate method, the numbei has risen to 2,500 transfusions 
per year The cases studied in this report obviously do not represent all of 
the transfusions given during the period covered, but are sample batches of 
unselected, consecutive series numbering 500 each, drawn during successive 
stages in the evolution of our present transfusion program 

Incidence of Reactions — Our investigations indicate a progressive reduc- 
tion in the incidence of blood transfusion reactions in the five successive series 
of transfusions studied (Table I) The direct transfusions gave a surpris- 
ingly high incidence of reactions, when subjected to actual statistical analysis 
Febrile reactions contributed the greatest number They were noted in 7 7 
per cent of the transfusions, and in 5 per cent they were of major severity 
In retrospect, this high incidence of pyrogenic reactions is not sui prising 
The importance of the utmost care m eliminating foreign material from all 
equipment and solutions was not thoroughly appreciated The syringes and 
tubing were not given the special attention now considered essential in pre- 
paring transfusion equipment Duiing the transfusion, the syringes were 
rinsed in open basins containing citrate solution, distilled water and salt solu- 
tion, the manufacture of which was done in a routine manner It is a tribute 
to the method, which permitted but limited contact of blood with foreign 
surfaces, that the incidence of reactions was not higher 

Series II, comprising a sample of 500 consecutive citrated blood transfu- 
sions done by the open method showed, surprisingly, a slightly lower incidence 
of reactions than did the direct method In this group theie were a total of 
7 4 per cent reactions, Avith pyrogenic disturbances m 7 per cent Of these, 
6 per cent were classed as major reactions The manifold potential sources 
of contamination with pyrogen-contammg substances are obvious Neverthe- 
less, there was probably less contact of the equipment with impure solutions, 
which IS reflected m the slightly lower incidence of febrile reactions 

The third series of transfusions comprised the first 500 given under the 
present set-up The results were somewhat disappointing Although there 
was some reduction m the number of reactions, this was not as striking as 
had been expected The total reaction rate was 7 2 per cent, of Avhich 5 2 per 
cent Avere pyrogenic and, of these, 3 8 per cent Avere of major seventy Hoav- 
ever, the system of adequate record keeping, and the use of the pyrogen test 
to detect the source of contamination, permitted a progresswe elimination of 
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the various factors responsible for leaction, with gradually diminishing inci- 
dence of untoward effects 

The importance of these measures is demonstrated by the figures presented 
by Series IV A striking fall m the incidence of pyrogenic reactions is seen, 
to 2 8 per cent, of which only i 6 per cent are classed as major reactions 
This represents a reduction to approximately 50 per cent of the previous 
series The last series, indicative of our present rate of reactions, is encourag- 
ing indeed The total number of reactions amounted to slightly over 2 per 
cent, with only o 6 per cent of major pyrogenic disturbances With continued 
alertness and further impiovements in technic, even better results are to be 
anticipated 

Table I 


INCIDENCE OF REACTIONS FOLLOWING TRANSFUSIONS 


Pyrogenic Reactions 



Major 

Minor 

Total 

Allergic 

Reactions 

Hemolytic 

Reactions 

Total 

Reactions 

Series I 

500 Consecutive Direct Transfusions 

25 

14 

39 

9 

0 

48 

(multiple synnge) 1936 

(5 0%) 

(2 8%) 

(7 8%) 

(I 8%) 


(9 6%) 

Series II 

500 Consecutive Indirect Transfusions 

30 

5 

35 

2 

0 

37 

(open method) 1938 

(6 0%) 

(I 0%) 

(7 0%) 

(0 4%) 


(7 4%) 

Series III 

500 Consecutive Indirect Transfusions 

19 

7 

26 

10 

0 

36 

(early new method) 1939 

(3 8%) 

(I 4%) 

(S 2%) 

(2 0%) 


(7 2%) 

Series IV 

500 Consecutive Indirect Transfusions 

8 

6 

14 

5 

0 

19 

(recent new method) 1940 

(I 6%) 

(1 2%) 

(2 8%) 

(I 0%) 


(3 8%) 

Series V 

500 Consecutive Indirect Transfusions 

3 

8 

II 

4 

0 

IS 

(Feb to May 1941) 

(0 6%) 

(I 6%) 

(2 2%) 

(0 8%) 


(3 0%) 


In all of the cases presented here, the blood transfusions were charged with 
a certain number of reactions for which they were not really responsible 
Most patients who are ill enough to require blood transfusions also receive 
infusions of salt and glucose solutions As has been indicated, such infusion 
liquids are as capable of inducing febrile reactions as are blood transfusions, 
if pyrogenic contaminants are present Recently, commercial infusion liquids 
have been adopted for routine use m the hospital, and the preparation of the 
tubing and needles has been subjected to the same care and supervision as is 
employed with transfusion equipment This should be reflected, not only in 
a lower incidence of infusion reactions, but also m the number of reactions 
attributed to blood transfusions 

In an attempt to further analyze the causes of transfusion reactions, these 
were correlated with the diseases for which the transfusion was administered 
In a study of 1,000 consecutn^e transfusions, (Table II) pyrogenic reactions 
were encountered most frequently in patients suffering from various types of 
blood dysciasias, including leukemias, thrombocytopenic purpuras, hemolytic 
anemias, etc This observation has been made by others ® Furthermore, 
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pyrogenic reactions were more frequently seen m febrile than in afebrile pa- 
tients It appears that patients suffering from septic diseases are particularly 
sensitive and responsive to minute and otherwise innocuous amounts of 
pyiogemc material In these patients, chill reactions could be reduced m fre- 
quency and seventy by the admimstiation of multiple small transfusions, not 
exceeding 250 cc of blood at a time This piesumably reduces the quantity 
of pyrogenic substance sufficiently to pi event reaction even in a sensitive 
patient 

This pi edisposition on the paits of septic patients to sustain reactions may 
explain, in part, the higher incidence of reactions on the medical services than 
on the suigical services Within the surgical group, pyrogenic reactions oc- 
curied moie frequently in patients treated foi gynecologic disoideis than m 
any others In 29 patients of the “clean” Orthopedic Service, who weie 
transfused during or aftei orthopedic operations, not a single untowai d reac- 
tion occuired The series, however, is too small to warrant drawing definite 
conclusions 

Table II 

THE INCIDENCE OF TRANSFUSION REACTIONS IN PATIENTS CLASSIFIED 
ACCORDING TO DIAGNOSIS AND DEPARTMENT 



No o£ 
Trans- 
lusions 

Pyrogenic 

Reactions 

Per Cent 

Allergic 

Reactions 

Per Cent 

Total 

Reactions 

Per Cent 

Surgical Patients 

Gyneo surgery 

Sd 

4 

7 I 

I 

1 8 

S 

8 9 

Orthoped surgery 

29 

0 

0 0 

0 

0 0 

0 

0 0 

All other surg depts 

41S 

10 

2 4 

3 

0 7 

13 

3 I 

Medical Patients 

Blood dyscrasias 

4 S 

8 

17 7 

0 

0 0 

8 

17 7 

Ulcerative colitis 

SO 

I 

2 0 

5 

10 0 

6 

12 0 

All other medical diseases 

340 

T3 

3 S 

5 

I 4 

18 

S 2 

Obstetncs 

6S 

4 

6 I 

I 

I 5 

S 

7 6 

Totals 

I 000 

40 

4 0 

IS 

I s 

SS 

S S 


An interesting finding was the fact that reactions seemed to occur in 
aggregates of four or five within a day or two, followed by no reactions for 
perhaps two or three weeks Invariably, we were able to trace the causes for 
these reactions and, in most cases, to remedy the cause On one occasion, it 
was a batch of new tubing that had been inadequately prepared Another 
time the salt solution contained pyrogenic impurities, and m a recent occur- 
rence of chill reactions, it was found that particles of old blood were left 
behind because the metal valves were not taken apart in the course of cleansing 
The important point is that, by virtue of the accurate record system, it was 
relatively easy to trace the various sources of contamination 

It will be noted from the tables that no hemolytic reactions were encoun- 
tered in the entire series of tiansfusions reported Freedom from this, the 
most dangerous type of posttransfusion reaction, is attributed to the caieful- 
ness of the pieliminary typing and compatibility tests By using only high- 
titer testing sera and by rejecting all bloods giving a questionable agglutina- 
tion, the dangers of subgroup agglutinations can be avoided Reciprocal 
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cross-matching of both serum and cells of recipient and donor further pro- 
tects the patient from receiving incompatible blood 

The Use of Umveisal Donots - — Several investigators®- have shown 
that infusion of blood from universal donors (Group O) into patients of 
other blood groups may result in hemolytic reactions The use of universal 
donor-blood is considered especially dangerous if the agglutinin titer of the 
donor’s serum against the recipient’s cells is i 32 or higher, and if moie than 
200 cc of blood of this type is used 

In our senes of 1,000 recent transfusions studied, umveisal donor-blood 
was given to patients of other blood groups 220 times The percentage of 
untoward reactions was actually lower m these cases than m the other 780 in 
which recipient and donor belonged to the same blood gioup According to 
Wiener^® such statistics have not been previously recorded No hemolytic 
reactions were encountered, regardless of the agglutinin titer of the donor’s 
serum In most instances, 500 cc of blood was given We believe, there- 
foie, that it is safe to administer universal donor-blood to patients of other 
blood groups, provided, by the use of high-titer typing seia, the correct group 
classification of the donor is assured Careful direct compatibility tests be- 
tween recipients’ and donors’ bloods must be performed before every trans- 
fusion to rule out the presence of anti-0 agglutinins m the recipients’ serum 
The same principles should apply to the transfusion of other blood group 
bloods to universal recipients 

Table III 

INCIDENCE or REACTIONS IN PATIENTS TRANSPOSED WITH BLOOD OF THE SAME T\PE AND IN THOSE 
RECEIVING BLOOD OF A DIFFERENT TiPE (UNI\ ERSAL DONOR BLOOD) 


Patients and donors of same blood group 
Patients and donors of different blood group 

Number of 
Transfusions 

780 

220 

Pyrogenic 

Reactions 

35 (4 5%) 

S (2 2%) 

Allergic 

Reactions 

12 (i 5%) 

3 (I 4%) 

Total 

Reactions 

47 (6 0 %) 

8 (3 6%) 

Totals 

I 000 

40 (4 0%) 

IS (i S%) 

SS (S 5%) 


SUMMARY AND CONCLUSIONS 

(1) The control of blood transfusion leactions demands centralized re- 
sponsibility ovei all of the component steps of the opeiation, careful super- 
vision of the numerous potential sources of error, and everlasting alertness to 
trace and eliminate factors causing untoward reactions 

(2) The organization of a Blood Tiansfusion Department for a general 
hospital IS described 

(3) Five series of 500 transfusions each are analyzed, tracing the gradual 
reduction in the incidence of transfusion reactions as the various causative 
factors are successive!)’- eliminated 

(4) The importance of detailed records is emphasized Complete data 
covering all phases preliminary to and following every transfusion make it 
possible to trace and eliminate the causes of reactions when they occur 

(5) The pyrogen test is an effective aid in controlling the preparation of 
the solutions and equipment 
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(6) Reactions following transfusions are classified as pyrogenic, allergic, 
and hemolytic 

(7) Pyiogenic reactions constitute the largest number of posttransfusion 
reactions They are characteiized by fevei with or without chills They are 
almost invariably due to the presence of foreign contaminants in the solutions 
or appaiatus Sepsis and blood dyscrasias predispose to pyrogenic reactions 

(8) Allergic reactions are usually urticaiial in natuie The chief causes 
are donors with allergic tendencies and donors who have eaten shortly before 
giving blood Patients with ulcerative colitis seemed to be predisposed to 
allergic reactions 

(9) Hemolytic reactions are usually due to the administration of incom- 
patible blood This can be avoided only by careful preliminary typings and 
leciprocal cross-matchmgs, the use of high-titer testing sera, and the rejection 
of all bloods giving questionable agglutinations There were no hemolytic reac- 
tions in our series 

(10) Universal donor-blood gave no higher incidence of reactions than did 
blood of homologous groups 

( 1 1 ) Our statistics reveal a reduction in the reaction incidence from 9 6 
to 2 2 per cent Only o 6 per cent of the latter figure were major pyrogenic 
reactions Our experiences point the way to the reduction of transfusion 
reactions, and give promise that continued improvement is to be anticipated 
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THE TREATMENT OF CERVICAL METASTATIC CANCER 


Hayes Martin, MD 
New York, N Y 

The treataient of ceivical metastases is a problem which confronts ever}'^ 
suigeon and ladiologist who deals with intia-oral and phaiyngeal cancer 
Since the results of all methods of treatment fall so far short of a complete 
solution, the question of treatment must be appioached open-mmdedly, m its 
broadest aspects In ordei to discuss this problem intelligently, one must first 
know what is meant by the term “cervical metastases ” Foi this purpose, a 
few yeais ago, 500 consecutive cases of ceivical metastases were tabulated at 
the Memoiial Hospital according to the site of the primary lesions These 
data were not taken from the clinical recoids but were tabulated at the time 
the metastases were first noted, eithei when the patients weie admitted to the 
clinic or when the involved nodes were discovered at a later examination 
This particulai study was made only to determine the distribution of the 
primary sites and was not used in any of the othei calculations given in this 
paper The statistics are given m Table I 


Table I 


LOCATION or PRIMARY LESION IN 5OO CONSECUTIVE CASES 


Tongue 

Floor of mouth 

Extnnsio larj nx 

Nasopharynx 

Lip 

Tonsil 

Mucosa of cheek 

Metastatic from undetermined primary 
Jans 

Pharyngeal w all 

Palate 

Skin of face 

Thyroid 

Miscellaneous 


127 (2S%) 
44 ( P%) 
44 ( 9%) 

40 ( 8 %) 

35 ( 7%) 
34 ( 7%) 
28 ( 6%) 
28 ( 6%) 
27 ( 5 %) 
24 ( 5%) 

20 ( 4%) 
II ( 2%) 
II ( 2%) 
27 ( 5%) 
500(100%) 


Table I demonstiates that no single anatomic variety of intra-oral or 
pharyngeal cancer can be taken as repi esentative of all cervical metastasis 
It will be noted that cancer of the tongue causes 25 per cent (one in four) 
of all ceivical metastases, and that cancer of the hp, upon which the majority 
of published reports concerning cervical metastases have been based, produces 
only one in about 15 cases, sharing only fifth place with cancer of the tonsil 
A broad view of the pioblem of cervical metastasis, therefore, necessitates a 
consideration of all foims of intra-oral and phaiyngeal cancer m all stages of 
the disease 

There is wide diveigence of opinion as to the best methods of treatment for 
ceriical metastatic cancer Surgery and radiation both have their exponents, 
while some ladiologists and surgeons of considerable experience doubt the 
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possibility of cure by any method It is my purpose in this lepoit to present 
evidence that no single treatment method is indicated exclusively , that both 
surgeiy and radiation have definite fields in the treatment of ceivical meta- 
stases, and that in a considerable number of cases a combination of the two 
is better than either used alone It would simplify the discussion of this 
pioposition if the method of tieatment could be selected accoidmg to a set 
formula, depending only upon the anatomic characteristics of the involved 
nodes themselves Unfoitunately, this is not possible There aie several factois 
relating to the pi unary lesion which aie also of impoitance in the determina- 
tion of the proper treatment of metastases Although closely related, the man- 
agement of the pi unary lesion and of the cervical metastases should be con- 
sideied as sepaiate problems, dealt with m most cases by sepaiate pioceduies 
I shall base my discussion on that premise, omitting any ref ei ence to the ti eat- 
ment of the primary lesion except as it affects the treatment of the metastases 

Fiom the practical standpoint, the pioblem may be consideied undei two 
headings (i) Prophylactic tieatment, or that which is given in the absence 
of clinically demonstrable metastases, and (2) curative tieatment given for 
clinically positive metastases 

Pi ophylactic Tieatment — ^At the Memorial Hospital it has been the policy 
for the past seveial yeais to apply no pi ophylactic treatment of any kind to 
the neck in mtia-oial cancer The patients aie leexamined at legulai inteivals, 
and only if and when metastases become clinically demonstrable is tieatment 
given, and then with curative intent The logic of such a conservative plan is 
based upon a statistical analysis of the subsequent clinical behavioi and the 
eventual results in those patients who applied without ceivical metastases and 
who were treated according to this plan 

Even though prophylactic tieatment were highly efficient 111 dealing with 
clinically undemonstrable cervical metastases, nevertheless the justification for 
Its routine use would depend also upon the percentage of cases in which it 
could be of actual value It must be admitted that pi ophylactic treatment 
could be of ultimate value only in patients who apply without clinically demon- 
strable nodes, whose primary lesions are permanently controlled, and who 
then later develop cervical metastases In other woi ds, pi ophylactic treatment 
would be futile if the patient succumbed to an uncontrolled primary lesion 
or if he never developed cervical metastases in his untreated neck 

The hypothetic limit of the value of prophylactic neck dissection in cancers 
of the hp, cheek, and tongue is shown in Table II Of 128 consecutive deter- 
minate cases of cancer of the lip without metastases on admission, in Avhich 
the primary lesions were controlled for at least five years, only four patients 
(3 pel cent) later developed metastases In this group, therefore, prophy- 
lactic neck dissection could not have had even a theoretic value in 125, or 97 5 
per cent, whereas under the highei reported mortality rates following neck 
dissection, over 10 per cent of the patients would have died of postopei ative 
complications, about four times the number which the procedure could possibly 
have cured In any case, even under the lower reported mortality rates, would 
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It have been worth while to perform 128 neck dissections in order to anticipate 
metastases in three patients, when as a matter of fact these three were all 
cured by subsequent treatment^ There is a similar trend in cancer of the 
tongue and of the cheek If one accepts the proposition that prophylactic neck 


Table II 


H\POTHETIC LIMIT OF THE VALUE OF PROPHYLACTIC NECK DISSECTION 


Prophylacltc treatment to the neck could have been of actual ealue only tn those cases 
admitted without palpable metastases tn which the primary lesion was eventually 
permanently controlled and tn winch clinically demonstrable metastases 
appeared at a later date 


Cancer of tongue (1931-1934) 
Cancer of lip (1928-1932) 
Cancer of cheek (1930-1934) 


Patients Admitted Without 
Palpable Cervical 
Metastases in whom 
the Primary was 
Permanently Controlled 
40 
128 
12 


Patients who Late 
Developed 
Cervical 
Metastases 
S (12%) 

4 ( 3%) 

2 (17%) 


dissection can be of value only when the piimaiy lesions remain cured and 
when metastases would eventuall}'^ appeal, then only about one in 33 piophy- 
lactic neck dissections in cancer of the lip can be of value, one in six in 
cancer of the cheek, and one 111 eight in cancer of the tongue 

In the case of radiation, piophylactic treatment as ordinal ily given (one 
to two skin erythema doses to each side of the neck) does not cany with it 
any mortality, but if it cannot be demonstrated that such radiation is bene- 
ficial, then it must be conceded that it is at least wasteful from an economic 
standpoint even though otheiwise haimless Since such small dosage has 
never been observed (or at least reported) to sterilize a proven focus of epi- 
dermoid caicinoma, why should it be assumed capable of steiihzing an impal- 
pable focus (the actual existence of which cannot be proved) simply because 
the patient survives and does not subsequently develop metastases ^ 

In the final analysis, it seems to me that the evidence, both theoretic and 
statistical, fails to provide any justification for prophylactic treatment 111 intra- 
oral and pharyngeal cancer On this basis, treatment is administered only if 
and when cervical nodes are clinically involved 

Choice of Ti eatvient Methods foi Clinically Positive Cei vical Metastases — 
The selection of the particular form of treatment for clinically demonstrable 
cervical metastases should be based upon the clinical featuies of the given case 
rather than on any partisan preference for one or another method The special 
indications for radiation and for surgery in cervical metastatic cancer differ 
widely It IS fortunate for surgery that radioiesi stance is often associated with 
the more slowly developing, orderly metastasizing, and less malignant forms of 
cancer It is equally fortunate for radiation theiapy that the more malignant, 
rapidl}’’ and widety metastasizing lesions not suitable to surgery tend to be 
among the more radiosensitive The clinical behavior of a given case of intra- 
oral or pharjmgeal cancer ma}'^ be predicted with a fair degree of accuracy 
from the site of the primary lesion and from the histologic type of the growth 
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Foi instance, cancer of the lip is usually squamous caicmoma Grades I or II 
The rate of growth is model ate, metastases develop lelatively late in the 
course of the disease, in an oiderly manner, and often after peimanent control 
of the primary lesion For such cases, neck dissection is suitable 

At the other extreme aie the highly malignant, rapidly progiessmg ana- 
plastic growths of the base of the tongue oi of the nasopharynx which 
metastasize early, bilateially, and widely throughout the neck While these 
cases are unsuited to surgery, both because of the location of the primary 
lesion and because of the histologic character and distiibution of the cervical 
nodes, nevei theless these growths are highly radiosensitive and respond f avoi - 
ably to radiation tieatment 

In assaying the lelative values of radiation and surgeiy foi cervical metas- 
tases, one must admit that each has its own limitations and disadvantages 
Little IS gained by an attempt to prove the superiority of one method over the 
other The two need never be considered as competitive, but lather as com- 
plementary, and the selection of the exact treatment proceduie in the indi- 
vidual case depends on the experience and ability of the surgeon An outline 
of the conditions influencing the selection of treatment methods for cervical 
metastases is given in Table III 


Table III 

CONDITIONS INTLUCNCING SELECTION OV TREATMENT METHOD IN CERVICAL METASTATIC CANCER 


Tavorable to Surgery 

(1) Primary controlled 

(2) Nodes operable 

( 3 ) Metastases unilateral 

(4) Radioresistant, histologically differentiated 

tumors 

(s) Primary lesions of lip mucosa of cheek, an- 
terior tongue, floor of mouth or gums 


Favorable to Radiation 

(1) Pnmary uncontrolled or under treatment 

(2) Nodes inoperable 

(3) Metastases bilateral 

(4) Radiosensitive, anaplastic tumors 

(5) Primary lesions of base of tongue, tonsil, 

nasopharynx, extnnsio larynx, pharyngeal 
•walls 


Metastases Clinically Evident 


A combination of radiation and surgery is usually the best solution when an individual case fails to conform 
in more than one respect to either set of conditions 


Tieatment by Radiation — When all pnmary sites are consideied, radiation 
IS undoubtedly more useful — that is, applicable in more cases — ^thaii surgery 
foi the treatment of ceivical metastases A combination of protracted fractional 
x-radiation through narrow skin portals limited to the area immediately ad- 
jacent to the node and supplementary implantation of radon gold seeds has 
proved to be the most efficacious radiation method in the Head and Neck 
Clinic at the Memorial Hospital The essential factors in this radiation technic 
aie First, to deliver a cancer lethal dose to the immediate vicinity of the 
metastatic nodes with as little damage as possible to the suriounding normal 
tissues , and, second, to conserve the general tolerance of the patient The 
greatest avoidable cause of failure of radiation therapy m any part of the 
body IS the irradiation of unnecessarily large volumes of tissue, so that even 
though the gioivth may be destroyed, the patient cannot survive the effects 
of the ti eatment 
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Aspiration biopsy of at least one involved node should be made in each 
patient treated by radiation Such confirmation of the diagnosis is essential for 
purposes of record When a node is clinically involved, radiation treatment 
if otherwise intended should not be withheld oi even delayed because of the 
failure to obtain a positive aspiration biopsy, but the accuracy of the surgeon’s 
clinical diagnosis will be improved if he subjects himself to the discipline of 
an attempt at histologic confirmation m all cases, and if he limits his claimed 
cures to those cases which have been so proved 



Fig I — External radiation of a single 
cervical node In order to deliver a cancer 
lethal dose of x radiation to a single cervi 
cal node the beam must be small and di 
rected to the immediate vicinity of the node 
itself rather than to the entire lymph node 
bearing area of the neck Limitation in 
size and accurate positioning of the skin 
portal are favored bv the use of metal cyl 
inders in direct contact with the skin 



Fig 2 — Implantation of radon seeds 
through the skin Radon gold seeds ma> be 
implanted into a cervical node or into a sub 
cutaneous mass through puncture wounds in 
the skin — a convenient and time saving method 
if the node is not situated under too deep a 
layer of subcutaneous fat 


Fiactionated X-Radmtion — To localize tbe exteinal radiation, circular 
portals are used, limited m size so as to include only the node and a 
margin of i-l 5 cm (Fig i) In the average case, for the treatment of indi- 
vidual nodes such portals will vary between 3 and 5 cm in diameter (the 
smallest 2 5 cm ) Separate portals are used for widely separate nodes Im- 
mediately adjacent nodes are treated as single masses Depending upon the size 
of the portal a total of 4,000-8,000 r or even more is given by daily divided 
doses over a period of two to three weeks Immediately on the completion 
of this external dose, radon seeds in a tissue dose of five to ten S E D (skin 
erythema doses) are implanted either thiough a puncture wound m the skin 
(Fig 2), or after surgical exposure of the outer surface of the node 

Surgical exposure is indicated when the node lies deeply under a thick 
layer of subcutaneous fat, where the accurate placement through skin punc- 
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tures IS not possible by palpation alone In these cases, it is advisable to antici- 
pate the radiation skin leaction by perfoinimg the suigical exposuie at the 
end of about two weeks of x-iadiation 

Such a plan of localized iriadiation of individual nodes, based upon the 
piinciple of ti eating cancel only when and wheie it is at least clinically piesent, 
makes it possible to tieat several sepaiate involved nodes in the same case One 
of the difficulties m the way of the general acceptance of this plan of ti eatment 
by suigeons is that it contiavenes an accepted principle which is entiiely 
1 easonable when applied to surgery alone , namely, that m neck dissection the 
entile mass of lymph node bearing tissues of one side of the neck should be 
removed In ladiation therapy the opposite holds tiue — radiation of the entiie 
neck m cancer lethal doses is dangerous, and far better results will be ob- 
tained by local and individual ti eatment of each sepaiate involved node 

Inteistifial Radiation — When radium emanation is available, there can 
be little question but that ladon gold seeds aie the most useful foim of inter- 
stitial apphcatoi for supplementing fiactionated x-radiation In the small 
nodes, the supplementary seeds m a single tissue dose of five to six S E D 
aie implanted after about two to thiee weeks of fractionated x-iadiation In 
the larger more resistant masses the dose of radon seeds is also fractionated, 
and the series of external tieatments is interrupted at about seven- to ten-day 
intervals, and two oi even three fractions of ladon seeds are given In the 
more difficult cases the total doses of both x-radiation and seeds should 
approach the local and general tolerance The dosage m such cases is empiric 
and so variable as to be learned only by experience Radon seeds alone are 
sometimes satisfactory for small or moderate-sized nodes up to 15 cm m 
diametei 

Ti eatment by Siogciy — The only justifiable suigical method for the treat- 
ment of cervical metastases is neck dissection, wdnch implies the complete 
lemoval m a given area of all lymph-node-beai mg tissues betw^een the supei- 
ficial subcutaneous fat and the fascia covering the deep muscles of the neck The 
extent of such an operation may vary from a local dissection of the submental 
and submaxillary triangles to a complete or block dissection extending from 
the lower edge of the mandible and the mastoid to the clavicle, and from the 
anteuor bolder of the trapezius forw^ard to the midline A form of incision, 
usually a variation of the crucial or the trifurcate, should be selected which 
wall permit adequate exposure of the operative field Details of block neck 
dissection as performed m the clinic at the Memorial Hospital are given in 
Figures 3-6, inclusive 

Local is preferable to general anesthesia The highest mortality rates are 
usually repoi ted from those clinics wffiere general anesthesia is used routinely 
At the Memorial Hospital, in 210 neck dissections performed on the Head 
and Neck Service ovei a ten-year period from 1930-1939, inclusive, there 
weie five postoperative deaths, a mortality of 2 4 per cent m the whole group 
(Table IV) In 196 operations performed under local anesthesia, there were 
only three deaths, a mortality of only i 5 per cent Two of the deaths occurred 
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m the 14 operations performed under general anesthesia, a mortality of 14 3 
per cent In extenuation of the higher mortality in the latter group, it should 
be stated that general anesthesia was used only foi the most difficult and 
complicated situations where the nature of the procedure would have rendered 



Fig 3 — form of incision is selected (tri 
furcate, crucial, or a modification) which will 
permit of adequate exposure of the operative 
area The skin flaps are dissected back A 
complete or block dissection begins at the clavicle 
where the sternomastoid muscle, the internal 
jugular vein and the omohyoid muscle are cut 
across 


t f 



Fig 4 — ^The limits of a complete unilateral 
block dissection are the midline anteriorly, the 
border of the trapezius muscle posteriorly the 
clavicle below, and the submental space and the 
lower border of the mandible supenorlj The 
deep level of the dissection is the fascia over 
lying the pretracheal and lateral cervical mus 
cles The common carotid artery, the vagus 
and the phrenic nerves, and the origin of the 
brachial plexus are exposed The submaxillary 
salivary gland and the contents of the sub 
maxillary triangle are removed down to the 
level of the mjlohyoid and hyoglossus muscles 
The sensory branches of the cervical plexus are 
excised The accessorj nerve is sacrificed 


local anesthesia inadequate At the present time, it is rarely necessary to 
employ the more dangerous general anesthesia for this operation 


Table IV 

NECK DISSECTIONS FOR CERVICAL METASTATIC CANCER 

January i, 1930 to December 51 1939 
Total Neck Dissections 210 


Local anesthesia 

196 

Postoperative deaths 

3 

Postoperative mortality 

1 s% 

General anesthesia 

14 

Postoperative deaths 

z 

Postoperative mortality 

14 3 % 

Total postoperative mortality 

5 cases 2 


Treatment by Combinations of Radiation and Swgeiy — The value of 
preoperative and postoperative radiation in small doses is often brought up 
for discussion Until about 1930 it was a common practice in all cancer clinics 
to apply small doses (one to two S E D ) of radiation to the operative field 
either immediately before or immediately after practically all operations for 
cancer (neck, bieast, pelvis, extremities, etc ) The theory for giving pre- 
operative radiation was that the malignancy of the tumor and its tendency 
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toward dissemination duiing the operation would thereby be reduced The 
theory for giving postoperative radiation was that if any cancer cells had 
been missed oi had been spilled into the operative wound, these small doses 
of radiation would destroy them so that subsequent recurrence would not 
take place From what is now known of cancer-lethal ladiation dosage, one 




Fio s — In order to remove the sub 
maxillary salivary gland, the submaxillary 
duct and the facial vessels are cut and li 
gated 


Fig 6 — The dissection is completed bv 
cutting across the tip of the parotid gland and 
across the upper portion of the sternomastoid 
muscle Great care is taken to remo\e com 
pletely the subdigastric lymph nodes which he 
just below and under the inferior edge of the 
posterior belly of the digastric At this point, 
the internal jugular vein is ligated and cut 
across 


to two S E D Will not sterilize epidermoid or adenocarcinoma, and m my 
opinion there is no sound evidence that it can produce even a deterrent effect 
which will in any way modify the pre- oi postopei ative course The attempts 
to apply cancer lethal doses pre- or postoperatively usually result in rather 
tragic failures of wound healing 

I mention such pre- and postoperative ladiation ineasuies only to point 
out that I do not include them under the definitely woith while and effective 
combinations of radiation and surgery which will be discussed in the following 
paragraphs 

CombmaHons of Snigay and Heavy Radiation — The conditions under 
which effective combinations of surgery and radiation are useful can best be 
illustrated by citing examples Metastatic nodes from cancer of the tongue, 
cheek, or lip are sometimes infected and centrall}’- necrotic with perforation of 
the node capsule and invasion of the adjacent tissues With surgery alone, the 
possibility of complete removal of such nodes is rather remote With radiation 
alone, a lethal dose to the entire volume of the necrotic node will invariably 
bring on a further breakdown of the tissues and a discharging sinus which 
IS slow to heal Such patients may often be successfully treated hy applying a 
dose of radiation (radon seeds alone or combined with external radiation), 

979 



HAYES MARTIN 


Annals of Surgery 
December 1941 


following which the height of the radiation reaction is anticipated by surgically 
excising the condemned mass of tissue 

The two methods may also be effectively combined during neck dissection 
when a metastatic node, thought to be operable, is found to infiltrate beyond its 
capsule into a structure which cannot be widely excised In such a case, a 
small remnant of the tumoi, i— i 5 cm m diameter, may be left and a heavy 
dose of radon seeds inseited immediately, the remainder of the neck dissec- 
tion proceeding as usual At the Memorial Hospital, it is a routine practice to 
have ladon gold seeds available for such a contingency in all neck dissections 
Piognosis — The prognosis in cervical metastatic cancer is by no means 
hopeless, despite the rather discouraging opinions sometimes expiessed by 
both surgeons and radiologists The chance of cure is best m those patients 
who develop metastases late m the course of the disease, especially after con- 
trol of the primary lesion (Table V) It is worst in those who already have 
metastases at the time of their fiist examination The chance of cure in the 
bilaterally metastasizing, highly anaplastic tumoi s, such as cancer of the naso- 
pharynx, hopeless heretofore by surgical treatment alone, has been so much 
improved by the advent of modern ladiation therapy as to approach the results 
by surgery in the highly diff ei entiated radioresistant and slowly metastasizing 
tumors such as cancer of the hp The cuie rates shown in Table V are calcu- 
lated on consecutive cases of patients in all stages of the disease treated by 
radiation or suigeiy 01 combinations of the two From these statistics, it is 
apparent that the capacity to metastasize and the presence of metastases at 
some time during the course of the disease are the most significant factois m 
the piognosis of any foim of cancel 


Table V 

THE INFLUENCE OF METASTASES ON THE PROGNOSIS 
OF INTRA ORAL AND PHARYNGEAL CANCER 

Five-Year Cure Rate 


Site of 

Total No 

With Metastases 

Without Metastases 

All Cases 

Primary Growth 

of Cases 

% 

% 

Percentage 

Lip 

313 

27 

95 

70 

Cheek 

78 

21 

30 

27 

Tongue 

208 

12 

45 

23 

Floor of mouth 

87 

22 

29 

25 

Gingiva 

85 

8 

42 

24 

Palate 

57 

6 

54 

21 

Tonsil 

148 

10 

38 

18 

Nasopharynx 

80 

20 

47 

25 


ILLUSTRATIVE CASE REPORTS OF CERVICAL jMETASTASES 
FROM INTRA-ORAL CANCER 

Case I — Cancer of the Tongue J A , male, age 67, admitted November, 1932, 
complaining of sore on tongue of two months’ duration, which had graduallj increased in 
size The patient gave a history of having been a heavy cigar smoker until sin months 
before admission The Wassermann was negative The lesion, 2 cm in diameter, raised 
and partlj ulcerated, was located on the left side of the dorsum of the tongue, 2 5 cm 

980 



Volume 111 
Number G 


CERVICAL METASTATIC CANCER 


back from the tip The biopsy showed squamous carcinoma Grade II There was no 
palpable adenopathy 

After implantation of 15 me of radon gold seeds, the lesion regressed and the 
patient remained well until March, 1933, when an enlarged node, 2 5 cm in diameter, 
appeared over the left upper, deep cervical region An aspiration biopsy was positive for 
metastatic cancer In April, 1933, the outer surface of the node was surgicallj exposed, 
and 27 me of radon gold seeds were implanted After healing, a scarred, indurated mass 
remained m this region, but the patient has been otherwise free of disease for seven 3'ears 

Case 2 — Cancer of the Flooi of the Mouth J C, male, age 67, admitted Novem- 
ber, 1932, complaining of soreness in the floor of the mouth of one year’s duration He 
had been treated by his family physician with repeated applications of silver nitrate 
Three weeks before admission, following severe pain, the patient examined his mouth 
and found an ulcer He gave a history of having smoked a pipe excessively for j'^ears 
The Wassermann was negative The lesion was located in the midline of the flooi of 
the mouth, partlj'^ ulcerated, indurated, 2 cm m diameter and infiltrating to a depth of 
about I cm The biopsy showed squamous carcinoma Grade H There was no cervical 
adenopathy 

Treatment was given by roentgenotherapy through portals, 5 cm m diameter, one 
directed to the submental region and one to each side of the chin, for a total dose of 
2,400 r X 3 There was apparent complete regression, but residual disease was proved 
by biopsi”^ three months later, and 8 me in radon gold seeds were implanted This treat- 
ment was followed by localized radium necrosis which did not heal entirely for one year 

In July, 1933, enlarged nodes appeared over both submaxillary regions, overlying 
the submaxillary salivary glands Aspiration biopsy of the node on the right was diag- 
nosed as metastatic cancer Radon seeds were implanted m both submaxillary nodes 
through the skin, 26 me on the left and 10 me on the right The patient remained well 
until October, 1935, when a biopsy fiom a suspicious area m the floor of the mouth was 
positive The recurrence was treated by actual cautery in November and again in 
December, 1935 Since that time the patient has remained free of disease — in the neck 
since 1933, and in the floor of the mouth since 1935 

Case 3 — Cancer of the Tongue H R , male, age 58, admitted in June, 1936, with 
an ulcer on the tongue of two months’ duration, accompanied by some pain The patient 
gave a history of white spots on the lips and tongue for 25-30 yeais, and stated that 
he smoked five to six cigars daily The Wassermann was positive The lesion, centered 
4 cm back from the tip of the tongue, was 3 cm in diameter, infiltrating to a depth 
of I cm The biopsy showed squamous carcinoma Grade H There were no palpably 
enlarged lymph nodes 

The lesion was treated with peroral x-radiation (3,500 r , cone 4 cm , T S D 65 cm ) 
and 8 me of radon gold seeds In September, 1936, an enlarged node appeared over the 
right submaxillary salivary gland An aspiration biopsy showed squamous carcinoma 
The node was treated with 5,500 r through a 4 cm portal It became fluctuant and 
was obviously liquefying In October, 1936, a neck dissection was performed The node 
was found to be an abscess about 4 cm in diameter on the mesial aspect, infiltrating the 
myloltyoid and hyoglossus muscles , the latter area was not considered surgicallj" re- 
movable since it extended into the tongue Tw'enty-six millicuries of radon gold seeds 
w'ere implanted into the residuum w'hich could not be removed, and the neck dissection 
proceeded as usual The patient has remained well for three and one-half years A lesion 
on the hp which was a papilloma and leukoplakia onlj was treated by radiation and 
regressed completely 

End-Residts —It is difficult to gather any very definite data from the 
medical literature concerning the actual cure rate in cervical metastatic cancer 
A feiv pessimistic surgeons and radiologists report that they have never ob- 
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tamed cures once mtra-oral or pharyngeal cancer has spread to the neck 
Most investigators, however, report cures, but the statistics, for the most part, 
are based upon series of neck dissections for hp cancel only and have, there- 
fore, only a limited significance m regard to the whole problem, since cancer 
of the lip IS the most easily cured of all forms of mtra-oral cancer, both at 
the primary site and m the cervical nodes Some of these authors have not 
separated the cases with histologically positive nodes from those with negative 
nodes, and the actual cure rate for metastatic cancer is, therefore, obscured 


Table VI 


NECK DISSECTIONS TOR CANCER — JANUARY I, ip30 TO APRIL I 1934 
Successful Results in Cases with Htsiologtcalli Positive Nodes 


Total No 
of Cases 


Cancer of lip 21 

Cancer of tongue 1 8 

Cancer of floor of mouth S 

Cancer of buccal mucosa 6 

Cancer of tonsil 4 

Cancer of salivary gland 2 

Cancer of cervical lymph nodes (primary 
undetermined) i 

Cancer of skin of head and neck (including 
melanoma of skin and orbit) 8 

Cancer of lung I 

Cancer of extrinsic larynT I 

Lymphosarcoma of neck i 

Hodgkin s granuloma 2 


Five Year Lost Without 
Survivals Recurrence 


S 

2 

3 
3 
I 
I 


2 

0 
0 

1 
I 
I 


o 


o 


0 

0 

0 

I 

I 


o 

o 

0 

0 

o 


Total number of cases 

Lost without recurrence 

Total determinate group 

Five year survivals 

Net cure rate (17/63) 


70 17 S 

70 

S 

6s 

17 

26% 


Using only proven nodes, end-results could be calculated m more than 
one way The efficacy of neck dissection m selected, early, operable cases, all 
histologically positive (Table VI) is proved by the fact that 26 per cent have 
survived for over five yeais Since all cervical nodes not treated by surgery, 
including the mopeiable and hopelessly advanced and palliative cases, receive 
radiation, no cure rate percentage can be calculated for any significant com- 
parison with neck dissection It has been stated, however, by some authors 
that there is no authentic case of a five-year cure of proven cervical metastases 
treated by radiation alone In answer to such statements, I wish to place on 
record the data given m Table VII At the Memorial Hospital, 46 patients 
with histologically proven metastatic cancer treated by ladiation alone survived 
for five years or moie These cases do not necessarily represent all the cures, 
but only those m which aspiration biopsies were made To-day aspiration 
biopsy is part of the routine m all cases , it will be noted that the numbers of 
proven successes have increased m the later years 
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Table VII 

HISTOLOGICALLY PROVED CASES OF CERVICAL METASTATIC CANCER 
TREATED BY RADIATION ALONE 


Free of Disease March i, ipsp 


Five Years or More 


Less than Five Years 


Pnor to 1930 

4 

I 93 S 

12 

1930 

5 

1936 

13 

1931 

5 

1937 

19 

1932 

12 



1933 

10 



1934 

10 



Total 

46 

Total 

44 


Discussion — Dr William F MacFee (New Yoik) Doctor Maitm’s 
approach to the study of ceivical node metastases is somewhat different from 
that to which some of us are accustomed Ordinarily, one thinks of the various 
primary lesions as producing certain percentages of metastases, whereas Doc- 
tor Martin presents the percentages of cervical metastases which have been 
produced by the various primary lesions Cancer ot the floor of the mouth, 
for example, presents an incidence of cervical metastasis amounting to some- 
thing like 30 or 40 per cent, if the cases aie taken m senes as they enter the 
hospital As seen from the reverse point of view, 9 per cent of ceivical node 
metastases are pioduced by cancer of the floor of the mouth 

When one attempts to deteimine clinically whethei the cervical nodes aie 
involved m a particular case he is confionted with a considerable chance of 
inaccuracy When the nodes erroneously considered involved are added to 
those erroneously thought not to be involved, the total error is about 40 
per cent 

The simplest solution of the pioblem of node invasion is eithei to considei 
all nodes involved and treat them accordingly, or to regaid them as unmvolved 
until proven to be involved The fiist point of view will, undoubtedly, lead to 
many unnecessary node dissections, as Doctor Martin has indicated, but the 
opposite point of view will, just as certainly, lead to delay in the treatment 
of many cases with involved nodes It may be leasonabl)'- questioned whether 
the uncompromising adoption of either attitude is to the best interests of the 
patient 

One of the difficulties in statistical presentations on the subject of cancer 
IS the notable lack of unifoi inity m the selection of cases , one series is often 
not truly compaiable to another A real advance will be made when statistics 
on cancer of any part of the body, the tongue or breast, for example, are 
based upon all the cases observed in a particulai clinic over a definite period 
of time Subgroupmgs could then be considered in relation to the whole 
experience 

It IS very encouraging to see that so many patients with ceivical node 
metastases treated by radiation alone have suivived the five-year period IMany 
physicians have acquired the belief that cancer m lymph nodes cannot be 
destroyed by radiation and it is gratifying to be shown that such is not the 
case It cannot be doubted that ladiation has a definite usefulness in the treat- 
ment of cervical node metastasis, particulai ly in the group of undifferentiated 
tumors which occur so frequently m the region of the tonsil and pharynx 

Dr John M Hanford (New York) Doctor Hanford said that ten years 
ago a Head and Neck Neoplasm Clinic had been started at the Vanderbilt 
Presb3derian Hospital with Dr A P Stout, the pathologist 
Dr Maurice Lenz, the radiotherapeutist, and himself, as surgeon During 
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those ten years, Doctor Hanford said, he had become very much impressed 
with the value of ladiation therapy 

To-night certain things were brought out Doctor Martin did not mention 
external irradiation by radium , but roentgenotherapy alone apparently cannot 
be counted upon to cure squamous cell metastatic carcinoma m the cervical 
lymph nodes Interstitial treatment by radon, however, has been demonstrated 
to bring about five-year cures in certain cases These are leal contributions 

There is a great diffeience between the anterior part of the tongue and 
the posterioi pait, as there is, also, between the hp and the tongue In carci- 
noma of the posterior pait of the tongue, radical neck dissection is rarely 
indicated Carcinoma of the anteiior two-thirds of the tongue is much more 
likely to need radical neck dissection, even though no nodes are palpable 
Carcinoma of the lip raiely needs treatment of the neck 

Another phase of this subject mentioned bj’- Doctor Hanford was the fact 
that occult metastases may be present when no nodes are palpable, oi when 
nodes are slightly palpable One must assume, for example, that m carcinoma 
of the tongue, there is a high percentage of cervical metastases Should one 
await the appearance of a node sufficient!}^ large to be identified as feasible to 
treat with interstitial radon ^ This delay and this treatment of only such pal- 
pable disease court disaster foi the patient This sort of treatment is a make- 
shift, and while valuable m certain patients, such as those unsuited to with- 
stand a radical neck dissection, it is not the ideal or the standard method of 
protecting the patient who has carcinoma of the anterior part of the tongue 
The ideal is radical neck dissection, preferably before and certainly after 
nodes become suspected The very presence of a node sufficiently large to treat 
with radon presupposes, even more, the presence of occult metastases There- 
fore, the treatment by radon, mterstitially, of this palpable metastatic disease 
must be admitted as incomplete 

The same principles hold m carcinoma of the lower lip, but because 
cervical metastases from the lip are less common than from the tongue, the 
indications for treating the neck in lip carcinoma are less compelling 

Doctor Hanford also referred to nodes which are large, firm, extensive 
or adherent, and recalled that three years ago he presented before the N Y 
Surgical Society a series of patients representing an advanced stage of cervical 
metastases treated by radical neck dissection There were more than 7 pei cent 
five-year cures m a few such patients, which means that this “stage three” of 
Lacassagne is not necessarily hopeless These patients were treated mainly 
by surgeiy Some had roentgen or radium therapy, but without the surgery 
any good radiotherapeutist would have admitted they could not have been 
cured Surgery, theiefore, may pla)'- a part in very extensive disease Even 
though adherent to the muscle 01 vein, it is still possible that radical surgery 
may cuie the patient 

Finally, Doctor Hanfoid felt that the average surgeon using rectal ether 
anesthesia, in a long neck dissection, with careful hemostasis, gentle manipula- 
tion, and with tine cancer suigery, is going to do better work than with local 
or regional anesthesia 

Dr Hayes Martin m closing, said that both Doctoi MacFee and 
Doctor Hanford have called attention to the fact that it is sometimes difficult 
to diagnose metastatic nodes by palpation Doctor Martin admitted this diffi- 
culty, but said he believed that the surgeon’s accurac}’^ of clinical diagnosis 
will steadily improve if he makes a definite preoperative diagnosis in each 
case, records tins diagnosis in viiting on the chart, and checks it with the 
postoperative histologic examination Aspiration biopsy is useful in doubtful 
cases, especially v here neck dissection would be attended by considerable risk 
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because of the patient’s general condition In any case, the surgeon should 
hold himself lesponsible foi the accuiacy of his preoperative clinical diagnosis 
and should considei it a lepioach to find too many of his neck dissections 
negative on histologic examination 

In the diagnosis of metastatic cerMcal cancel, it is not particulaily illu- 
minating to state that the lymph nodes aie “not palpable” in a given case 
He stated that in his expeiience, noimal lymph nodes are palpable m prac- 
tically all healthy subjects The pioblem is to decide whether oi not the 
palmble nodes have been invaded b)'^ cancel 
^he question as to whether pi ophj lactic neck dissection is justifiable in 
the tieatment of cancel should, and he said that it seemed to him to be 
settled only after an analysis of the clinical behavior of laige series tieated, 
on the one hand, and b}' piophylactic neck dissection and, on the othei, b}’^ a 
“watchful waiting” policy Piophylactic neck dissection could benefit only 
those patients who aie admitted ivithont nodes and later deielop them Accord- 
ing to such analyses piophylactic neck dissection can be of value m only one 
case in eight (12 pei cent) m cancel of the tongue, and in only one case in 33 
(3 pel cent) in cancer of the lip It seemed to him that this peicentage 
was too small to justify routine dissection, especially when the procedure is 
accompanied b}^ a definite mortality Undei the higher mortality rates for 
neck dissection (10 pei cent), this proceduie would kill as many as it could 
possibly cuie — and in some cases moie In any event, it is too serious and 
costly an opeiation to be undei taken when the peicentage of patients benefited 
IS so small 

Doctor Martin stated that since, fiom a considciation of his own and 
other published figui es it is ob\ lous that general anesthesia almost quadruples 
the operative mortality m neck dissection, he failed to see how Doctoi Han- 
foid could leasonably maintain his advocacy of lectal ethei foi this procedure 

Read before the New York Surgical Society, April 24, 1940 
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Peptic ulcer is believed by many clinicians always to be associated 
with gastritis, and the lattei has been thought to be an important etiologic 
factor in the production, maintenance, and lecurrence of peptic ulcerations 
One of the chief arguments m favoi of this concept comes from the study of 
resected surgical specimens 

Recently, Schindler,^ and his coworkers, have suggested that some of 
the pathologic changes which have been ohseived following resection of the 
stomach were artefacts produced during the gastrectomy In a senes of ex- 
periments upon noimal dogs these Avoikers were able to reproduce typical 
gastric changes m devascularized segments of the stomach which contained 
free hydrochloric acid They believed that the changes which they observed 
were produced by the action of the hydiochloiic acid on gastric mucosa 
which had become devitalized during opeiation Some yeais previously, 
Afendulis and Gulzow" reported that following portal venous obstruction 
m dogs tlie gastric changes commonly associated with gastritis were ob- 
served The}'' postulated that the gastiitis was caused by a circulating toxin, 
liberated fiom the damaged liver itself, or from the maikedly congested 
gastro-intestmal tract 

Clinics in this country and abioad have reported^ ® a wide variation in 
the incidence of gastritis m suigical specimens This can hardly be ex- 
plained by variations in the concentration of free hydrochloric acid in the 
stomach HoAvevei, individualities m surgical technic permit wide fluctua- 
tions m the degree of engorgement encounteied m the stomach during the 
performance of a partial gastrectomy It seemed important to study whether 
or not this factor might not he the significant variable accounting for the 
varying degiees of gastritis ohseived in surgical specimens 

Methods — Healthy dogs, weighing behveen 54 and 176 Kg, were se- 
lected for the expel iments They weie fasted for 24 hours before beginning 
the expeiiment Gastric lavage was routinely performed in the first few 
experiments hut so little material was recovered that it was discontinued 
thereafter The animals were anesthetized with sodium amytal administered 
intrapentoneally 

As is well known, the stomachs of fasting dogs commonly contain no free 
hydrochloric acid In the experiments m Avhich it was desired to assure the 
presence of this acid, it Avas often induced by the administration of one milligram 
each of histamine hydrochloride and acetyl-beta-methylcholine chloride given 
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one-half, one, and one and one-half hours before beginning the operation 
In other instances o i n hydrochloiic acid in amounts vaiying fiom 40 to 
80 cc was injected diiectly into the stomach cavity by syringe and needle 
after celiotomy No diffeience in the end-iesults could be distinguished in 
the results fiom these two modes of producing an adequate supply of free 
hydrochloric acid 

In order to eliminate other factois as responsible for the pioduction of 
gastritis in these studies a senes of contiol experiments was undei taken 

In one dog, following a midline abdominal incision, the stomach was 
excised tn toto, rapidly, without the use of intestinal clamps, and without 
hgating or applying hemostats to the vessels No free hydrochloiic acid was 
induced, and a negative reaction to Topfeis reagent was obtained from the 
gastric secretions The resected segment was placed in a specimen pan foi 
two hours Biopsies were then taken fiom various poitions of the stomach 
These provided sections which we used for latei compaiison 

Contiol Expenments — (i) This gioup consisted of two animals The 
presence of free hydiochlonc acid was induced as discussed above The 
abdomen was opened by a midline abdominal incision and a soft rubbei- 
covered clamp was loosely applied to the duodenum to pi event the copious 
acid-containing secretions from passing down the intestinal tiact At the 
end of two hours, the stomach was excised in toto, biopsies were taken from 
various aieas, and the specimens pieserved No significant gross or micro- 
scopic changes were found 

(2) This group consisted of five animals No free acid wa'^ induced and 
none was found piesent Aftei a midline incision thiough the abdominal 
wall, the pylorus was delivered into the wound and the duodenum was sev- 
ered between intestinal clamps An intestinal clamp was applied across the 
midportion of the stomach, m two instances a rubbei-co\ered clamp, and 
in three instances a crushing clamp of the Payr type was used The distal 
half of the stomach was fieed of its vasculai attachments This was done 
rapidly in order to pi event any unligated artery from continuing to pump 
blood into the isolated segment and thus pioduce engoigement The intes- 
tinal clamps were applied for two hours, after which time the stomach w^as 
excised vn toto Biopsies were taken from various areas of the resected 
segment No important gross or microscopic changes were found 

(3) This group consisted of six animals No free hj-drochloiic acid was 
present It was similar to Group 2, except that in these dogs engorgement 
of the segment was encouiaged This Avas accomplished by slowdy ligating 
the vessels and allownng the left gastric artery to pump blood into the other- 
wise isolated segment for approximately ten minutes before this artery was 
also ligated The specimens were left in situ and at the end of two hours 
the entire stomach was excised Biopsies rveie then taken The changes 
observed were proportional to the degree of engorgement which had taken 
place (Fig i) In the mam these consisted of cyanosis and edema of the 
mucosa In one instance, in which the left gastric artery was allowed to 
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pump blood into the otherwise completel}'^ devasculai ized stomach, severe 
hemorrhages weie observed in all coats of the gastric wall There was mas- 
sive edema and cyanosis, but the sin face epithelium was everywhere intact 
(Fig 2) 

Expe) imcntal Pjocedwes — Following the completion of the control senes, 
two groups of experiments were undei taken In both gioups the presence 
of free hydiochlonc acid in the stomach was assured by the methods pre- 
viously described An attempt was made in both groups to duplicate the 



the mucosal capillaries and disruption of the glandular crjpts The siir 

face epithelium shows no erosion of necrosis 

conditions encountered in the performance of a partial gastrectomy in a 
suigical clinic 

(A) This gioup consisted of 23 animals After a midline abdominal 
incision, the duodenum was seveied between intestinal clamps The ciicula- 
tion to the distal half of the stomach was rapidly occluded by the simultane- 
ous closure of clamps previousl}’- placed acioss the midportion of the stomach 
and on the vasculai attachments of its greatei and lessei curvatuies This 
technic was designed to prevent vascular engoigement of the distal portion 
of the stomach In most instances the resection was not completed but the 
abdomen was closed over the clamps At the end of peiiods varying from 
60 to 180 minutes, the incisions were reopened, and, as a rule, the stomach 
excised m toto In a few instances the completel}^ devascularized segment 
was immediately resected and then placed in a specimen dish with the clamps 
and ligatures in situ These specimens were examined after similar periods 
of time had elapsed and biopsies were taken 
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(B) This gioiip consisted of i8 animals and was m all lespects similar 
to the pieceding group, except that an attempt was made to encoinage en- 
gorgement in the portion of the stomach pioposed for resection This ^^as 
accomplished by placing an intestinal clamp acioss the midportion of the 
stomach m such manner as not to occlude the left gastiic arteiy The duo- 
denum was severed between intestinal clamps With the exception of the 
left gastijc arteiy the vasculai connections along the gi eater and lessei cuiva- 
tuie of the portion of the stomach pioposed for resection were then ligated 
and divided The left gastric arteiy was isolated and was allowed to pump 
blood for ten minutes into the segment of stomach having no vascular out- 
flow The stomach was either left lu situ or, in a few instances, immediately 
excised ^\lth the clamps lemammg in place on the lesectcd segment The 
specimens weie examined in fiom 30 to 180 minutes aftei beginning the 
resection 

In two animals in this gioup the stomach was filled with or n hydro- 
chloric acid and rubbei -covei ed clamps placed acioss the midgastnc aiea 
The arteiial ligations were done so that m one dog marked engoigement was 
produced in the uppei half of the stomach while m the othei dog only the lowci 
half was allowed to become engoiged The specimens were both examined 
at the end of two hours 

Biopsies weie then taken and the specimens pieseived 


Table I 

RESULTS or EVrCRIMENTS IN WHICH VASCULAR CNGORCEMENT OP THE DISTAL PORTION OP THE 
STOMACH WAS AVOIDED DURING THE PERPORMANCE OP A PARTIAL GASTRI CTOMA 



Engorgement 

Free 

Time 


Gastritis 

uog 



in 



No 

Gross 

Micro 

HCl 

Minutes 

Gross 

Micro 

20 

0 

0 

4" 

60 

0 

0 

103 

0 

4- 

+ 

65 

0 

0 

lOI 

0 

4- 

+ 

15 

0 

0 

102 

0 

4- 

+ 

90 

0 

0 

104 

0 

4- 

+ 

90 

0 

4- 

17 

0 

0 

+ 

120 

0 

4- 

18 

0 

0 

+ 

120 

0 

0 

562 

4- 


+ 

120 

4- 


108 

0 

0 

+ 

120 

0 

4- 

109 

0 

0 

+ 

120 

0 

4- 

20s 

4- 


+ 

120 

4- 


202 

4- 

4- 

+ 

120 

4- 

4 - -|. 

304 



+ 

120 

4" 


208 

0 


+ 

120 

0 


201 

4- 

0 

+ 

132 

0 

0 

106 

0 

0 

+ 

135 

0 

4 - 

los 

0 

4 , 

+ 

142 

0 

4- 

408 

4* 

4" 

+ 

180 

0 

0 

303 

0 


+ 

180 

0 


301 

0 


+ 

210 

0 



Results — In Table I aie chaited the lesults obtained m tiiose expeiiments 
111 which vascular engoigement vas a\oided as far as possible There is a 
notable absence of gastiitis legardless of the time factor and of the presence 
of free hydiochloiic acid (Fig 3) Minor degrees of gastritis vhen present 
weie usually associated vith slight engoigement which icsulted despite our 
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Tig 3 — No congestion — free hydrochloric acid present Duration two hours 
(Xiso) The mucosal epithelium is everywhere intact 


Table II 

RESULTS or experiments in which vascular engorgement of the distal portion of the 

STOMACH WAS ENCOURAGED DURING THE PERFORMANCE OF A PARTIAL GASTRECTOMY 


Dog 

No 

Engorgement 


Time 

Gastritis 

Gross 

Micro 

iree 

HCl 

in 

Minutes 

Gross 

Micro 

19 

+ + 

-h-h-l- 

d- 

30 

d- 

0 

21 

+ + 

d-d- 

d- 

30 

d- 

d- 

22 

+ + 

d--l- 

d- 

4 S 

d- 

0 

14 

+ + + 

d-d-d- 

d- 

60 

d-d-d- 

d-d-d- 

5 

+ + 

-t- 

d- 

75 

d- 

d- 

6 

+ + 

d-d-d- 

d- 

120 

d- 

d-d- 

12 

+ 

d- 

d- 

120 

d- 

-h 

107 

+ + 

d-d-d- 

d- 

120 

d-d-d- 

d-d-d- 

2o6 

+ 

d-d- 

d- 

120 

d-d- 

0 

13 

+ + + + 


-h 

120 

d- d- d-d- 

d- d- d-d- 

8 

+ + + 


d- 

120 

d-d- d-d- 

d-d- d- 

IS 

+ + + 

d-d-d-d- 

d- 

120 

d-d- d-d- 

d- d- d-d- 

l6 

+ + + + 

-h-h-h-l- 

-t- 

120 

-hd-d--!- 

d-d- d-d- 

204 

+ 

-h 

-t- 

I 2 S 

d- 

d- 

209 

+ + 


-t- 

IZS 

d-d- 

d-d-d- 

310 

+ + 

d-d- 

-h 

150 

d- 

d-d- 

30 S 

+ 4 — f-+ 

-1--1 — h-h 

d- 

ISO 

-h-h-h-l- 

-1--1--1--1- 

307 

+++ 

d-d-d- 

-h 

ISO 

d-d-d- 

d-d-d- 

409 

++ + 

d-d- 

d- 

ISO 

d--!- 

d- 

308 

d-d- 

d-d-d-d- 

d- 

180 

d-d- 

d- d-d- 

309 

d-d- 

-h-h-)--)- 

-h 

180 

d-d-d- 

d-d- d- 
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attempts to prevent it In the majority of these specimens a tenacious ivhite 
film of exudate covered the mucosal surface but no other changes were 
noted This film was found to consist of coagulated mucm (Fig 4) 



Fig 4 — No congestion — free lijdrochlonc acid present Duration two 
hours (Xiso) Note the absence of \ascular congestion and the amorphous 
exudate on the surface of the undamaged epithelium 


In Table II are given the results obtained in those experiments m Mhich 
vascular engorgement was encouraged m the presence of fiee hydrochloric 
acid The high incidence of gastritis in this group was piopoitional to the 
degree of engorgement Gastiitis was slight or absent in those experiments 
in which the time interval from beginning the resection to examination of 
the specimen was less than 60 minutes In the process of devasculanzation 
of the entire stomach of two animals in this group, marked engorgement ^^as 
produced in the upper half of the stomach in one, while in the other, only 
the lower half was allowed to become engoiged At the end of ti\o hours 
only the engorged segments shoAxed evidences of gastritis 

Gross Pathology — The typical gross pathologic features of the gastritis 
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observed in these experiments consisted of varying degrees of mucosal edema 
and cyanosis, petechial and major hemoirhages on the mucosal surface, and 
superficial erosions In all cases an exudate covered the mucosal surface 
This exudate, composed of coagulated mucin and cellular debris (Fig 5), and 
stained with acid hematm varied m appearance and consistency, but was 
usually mottled greenish- 01 bi owmsh-white m coloi The fluid contents of 
the isolated segments weie streaked with a small collection of brownish acid 
hematm 



Fir — Vascular coni,estion — plus h>drochloric Tcid Duration one hour 
(X 150 ) There is erosion of the mucosa The exudate is composed of cellular 
debris and erythrocjtes 

Hisfopathology — The characteristic microscopic findings consisted of 
varying degrees of erosion, mucosal and submucosal engorgement, and edema 
We did not obseive the leukocytic infiltration of the mucous membrane de- 
scribed by Schindler,^ and others ® In many instances eroded mucosal 
capillaiies could be seen, m the lumma of which hemoglobin had been changed 
to acid hematm by the action of hydrochloric acid (Fig 6) 

Discussion — The destructive action of the hydrochloiic acid of gastric 
juice upon devitalized tissue has long been lecognized The work of Mor- 
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ton/ and Diagstedt® has demonstrated the impoitance of the blood suppl}' 
in pi eventing digestion of portions of liver, spleen, and kidney tiansplanted 
into the gastiic wall Schindler’s experiments suggest that anemia is the 
devitalizing factor responsible for the striking changes pioduced by the action 
of hydrochlonc acid on the devascularized gastric segment 



Fig 6 — VascuHr congestion — plus li>drochlonc acid Duration two 
hours (><150) There is marked erosion and superficial destruction of the 
mucosal epithelium Three mucosal capillaries are shown to have been tapped 
bj the trosne process The stained section demonstrates that the hemoglobin 
of the erythrocytes contained in these \essels has been changed to acid hematin 

Afendulis and Gulzow- were able to produce similar changes in living 
animals following experimental stenosis of the portal vein Their animals 
survived for periods of from foui to six weeks, and well-defined gastritis 
was piesent as early as five to eight days postoperatively Changes were 
most marked in the fundus and corpus, while the antrum was relatively 
unaffected The animals were peiiodically gastroscoped throughout their 
postopeiative course and, 111 seveial instances, subsidence of gastritis 
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found at autopsy to coincide with the development of an efficient collateral 
circulation Severe chronic passive congestion of the abdominal viscera was 
present in all animals showing gastritis Foci of necrosis were seen in the 
liver in many animals Afenduhs and Gulzow suggested that toxic split- 
products of protein which attacked viscera already devitalized by the asphyxia 
of congestion, were liberated either from the damaged liver or from the 
chronically congested gastro-intestinal tract They supported this contention 
by supposedly demonstrating an abnormally high histamine level not only in 
the portal but in the systemic venous blood of their animals Periodic gastiic 
analyses showed hypersecretion of acid Konjetzny® also endorsed the theory 
that engorgement predisposed to gastritis by lowering the vitality of the 
gastric mucosa He too recognized the necessity for a second, toxic factor, 
but was unable to specify its nature 

Our findings and those of Schmdlei and his associates stiongly suggest 
that the toxic agent postulated by Konjetzny, and by Afenduhs and Gulzow, 
IS hydrochloric acid and that asphyxia is the devitalizing factor which renders 
the gastric mucosa vulnerable to the action of this agent The present ex- 
periments demonstrate that while eiosion of the mucous membrane may 
occur in the presence of hydrochloric acid, m the nonengorged devascularized 
stomach it proceeds much more rapidly when vascular engorgement is pres- 
ent Under such circumstances there are also present the additional phe- 
nomena of the profuse exudation and hemorrhage Erosion of an engorged 
mucosa can be expected to produce greater hemorrhagic manifestations than 
a similar process in a nonengorged mucous membrane A clearer concep- 
tion of these phenomena may result if one considers the engorged, devascu- 
larized segment as a large, blood-soaked sponge, which, by erosion of its 
surface membrane, decompresses itself by bleeding from the open pores of 
Its mucosal capillaries This concept is supported in oui experiments by 
the constant finding of acid hematm in the contents of those stomachs show- 
ing engorgement and gastritis, while the contents of those stomachs in which 
gastritis and engorgement were minimal contained only clear fluid 

The predilection of gastritis m these experiments foi the mucosa of the 
corpus, corroborates the findings of Afenduhs and Gulzow The reason may 
be that the mucosa of the antrum and magensh asse in the dog is more firmly 
bound to the underlying muscularis and is more compact, permitting less 
engorgement of these aieas This selective distribution of edema and en- 
gorgement was evident in those control experiments m which the effect of en- 
gorgement alone was studied In addition, the predominance of mucous cells 
in antral epithelium may afford a measure of piotection against erosion in 
this area These regional differences in structure are not so definite in the 
human, which may at least in part account for the “antral gastritis” de- 
scribed in specimens of the resected human stomach 

Time was demonstrated to be an important factor in these experiments 
Reference to Table II shows that a minimum time-mteival of 6o minutes 
between the commencement of devasculanzation and the examination of the 
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specimen was necessaiy foi the appeal aiice of gastritic changes m the en- 
gorged stomach, and that the maximum clianges weie reached m between 
6o and 120 minutes 

How far does the opeiation of subtotal gastiectomy, as peifoimed 111 
various clinics lepioduce conditions of devasculaiization, engoigement, and 
tune, which we found necessaiy foi the pioduction of gastiitic change^ The 
answer to this question lesolves itself into an appiaisal of the various featuies 
of the opeiative pioceduie which might contribute to the pioduction of en- 
gorgement of the segment to be resected 

The pioceduie of deliveiing the stomach fiom the abdominal cavity to 
facilitate lesection, may at the same tune mciease gastiic engoigement by 
hmdeiing venous return The placing of laige gauze packs may likewise 
obstiuct venous letuin by compiession of the legional veins 

By fai the greatest cause of congestion, howevei, is most fiequently 
found in the actual pioceduie of resection itself The usual technic calls for 
careful ligation of all the blood vessels to the poition of the stomach to be 
resected, beginning at 01 near the pylorus, and pioceeding towaid the caidia 
The left gastric vessels are usuall)^ the last to be ligated, after which a ci ush- 
mg or 1 iibbei -covered clamp is usually placed acioss the stomach at the 
level of the proposed lesection The piocediire has the effect of piogiessively 
converting the distal portion of the stomach into a closed vasculai sac, into 
which the left gastric artery has been allowed to pump blood foi from 10 
to 45 minutes, depending upon the speed of the surgeon and the actual 
technic employed 

The time elapsing between the beginning of resection and the examina- 
tion of the lesected specimen is impoitant The actual time of resection 
may be short but the specimen may be relegated to a specimen basin for 
some time before examination On the other hand the lesection time may 
be piolonged, but the lesected specimen may be examined piomptly on le- 
moval In both instances, the total tune-interval may exceed the critical 
period for the appearance of gastritis, which we have shown in dogs to be 
60 minutes It is interesting to note that removal of the clamps from the 
cut surfaces of the resected specimen, or opening the specimen before a 
certain time has elapsed, allows vasculai decompiession of the viscus, and 
1 educes the incidence of gastritis One might expect, therefore, slightly 
greater congestion, and consequently more marked gastritis, if crushing clamps 
are used during the resection 


SUMMARY 

The incidence of gastiitis leported from different clinics and from dif- 
ferent countries \aiies widely Schindler, and his covorkers, suggested that 
the gastritis observed was an artefact produced b} the technic of gastric re- 
section in the presence of free In drochlonc acid 

In the present woik it was demonstrated that nhen free acid nas present 
m the stomach of the dog, gastric changes neie (i) proportional to the 
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degree of gastric vascular engorgement which occurred during operation, 
and (2) to the time elapsed between beginning the resection and the exam- 
ination of the specimen The technic of gastrectomy as employed in surgical 
clinics can reproduce these conditions 

The present work seems to indicate that gastroscopy rather than the 
study of surgically lesected specimens should be the basis for the evaluation 
of the frequency of the coexistence of peptic ulcer and gastritis 
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Spontaneous subcutaneous rupture of the stomach, unassociated ^\lth 
tiauma of the abdominal wall oi Mith pieexistmg pathologic lesions of the 
stomach itself, is an unusual and interesting condition We fieqiiently en- 
countei luptuie of the stomach as a result ot peiforatmg ulceis, and such in- 
juries as gunshot oi stab wounds or other diiect localized trauma to the ab- 
dominal wall, and, for this group, undei stand the mechanism involved We 
herewith piesent a case of spontaneous lupture of tlie stomach, review the 
literature on the subject, and discuss the possible mechanism of such a catas- 
ti ophe 

Ruptuie of the stomach as a lesult of tiauma to the abdominal wall, with- 
out a penetiating wound, is seen not infrecjuently , and N J Wolf^ has re- 
viewed 46 such cases Rupture of a solid viscus (liver, spleen, panel eas, 
kidney) or of the small bowel, is not uncommon following se\eie crushing 
violence to the abdomen, but the stomach almost invariably escapes injury 
It seems logical that the elastic, loosely-attached pliable walls of the stomach 
leadil}'- and lapidly accommodate the organ to the abiupt change m intra- 
abdominal pressure and configui ation, and the gas bubble at the caidia does 
not exeit sufficient counterpiessuie to cause a bui sting ruptuie The cardiac 
and pyloric orifices, too, peimit an escape of the stomach contents and allow 
for a lapid decompression Ritter- has done expeiimental woik to suppoit 
this contention by delivering repeated, foiceful blows on the uppei abdomen 
of dogs without pioducmg a gastric rupture VannT showed that trauma 
ovei the ovei filled stomachs of dogs produced only mucosal tears In some 
cases, it is true, the human stomach may be torn at its attacbments, but usually 
the sudden displacement and change of pressure is not sufficient to tear this 
flaccid and mobile organ In most cases of traumatic ruptuie of tbc stomach, 
mthout abdominal wall peneti ation. the stomach ^\as distended Mith food and 
gas Filling, or overfilling, of the stomach produces a moie or less fixed 
shape, reduces mobility and predisposes to rupture Trauma at such a time, 
if there is sufficient distention and if the \\all itself has undergone certain 
ie\ersible changes ^\hlch approach a pathologic state. a\i11 cause a tear m 
the \\ all of the stomach usuall} at or near the lesser curvature Cardiospasm 
or pjlorospasm must be considered as contributor} factors since this ^\ould 
tend to deprne the stomach of their safet} \alve effect Classman^ points out 
that if the contents of the stomach can escape through the cardia or p}lorus 
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the fatal increase in pressure at the moment of trauma can be avoided “The 
tonicity of these openings is controlled by a nervous mechanism which is not 
easily and suddenly oveicome and may be increased by pylorospasm or caidio- 
spasm ” 

The mechanism of rupture without trauma, on the other hand, is somewhat 
more complex, and one is inclined to suspect mild trauma oi an unrecognized 
pathologic lesion of the wall, especially ulcer Most of the cases leported in 
the nineteenth centuiy literature were probably not ruptures of the normal 
stomach, and Cruvillier’s® exposition of the condition, now easily diagnosed 
as perforated peptic ulcer (1832), did not deal the literature of these un- 
reliable case reports until the lattei part of the century The progress of 
surgery, with opening of the abdomen, and moie frequent postmortem exam- 
inations are responsible for an inciease in our knowledge pertaining to this 
uncommon condition It is also true that mild force can, under special cir- 
cumstances, cause disruption of the stomach, and that mild trauma may be 
forgotten by the patient who is suffering seveie peritoneal pain Conversely, 
mild trauma may be coincidental or suggested to the patient 

The normal collapsed stomach, in a state of physiologic lest, is not subject 
to rupture A tiaumatic rupture occuis as a result of overdistention With 
progiessive overfilling of the stomach, there first occuis a tonic physiologic 
relaxation When the limits of this state have been reached, further additions 
to the gastric content cause overfilling, with an atonic stretched and thinned 
wall, and perhaps mechanical mucosal tears Busch,® on the other hand, be- 
lieves rupture occurs more frequently with tonic rather than atonic dilations 
With overdistention there is interference with the circulation of the gastiic 
wall, and areas of softening occur Talma, in rabbit experiments, showed 
that with overdistention areas of softening and infarcts are pioduced, and a 
small amount of HCl will cause ulcers and necrosis in such stomachs These 
changes are probably reversible Rupture occurs as a result of the mounting 
pressure from within exerted on the weakened and thinned wall The final 
increment of pressure may be of a sudden nature and is probably gaseous 
due to rapid release of fermentation gases or from carbon dioxide after in- 
gestion of sodium bicarbonate Murdfield® has shown that the sudden in- 
crease of gas pressure produced by adding some sodium bicarbonate to two 
or three liters of weak HCl will regularly pioduce ruptures of cadaver stom- 
achs, or at least submucosal tears (This observation is of particular interest 
since the case we report was precipitated by, or followed the ingestion of 
sodium bicarbonate ) The final increment of pressure may be from without 
the stomach, as 111 the case of traumatic luptures, further emphasizing the 
pathophysiologic similarity of the two conditions Miller® reports a case of 
spontaneous rupture of the stomach during labor, in which the pressures of 
vomiting, straining, and a supporting Beck corset resulted 111 a three-centi- 
meter ragged peif oration at the midportion of the gi eater curvature Vomit- 
ing was an “onset” symptom in several of the abstracted cases Hutyra and 
Marek^® believe that rupture of the stomach may occur in horses from the 
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violent contracture of the gastric musculature Weiss and Mallory^^ report 
ten cases of laceration near the gastric cardia following alcoholism and vomit- 
ing, and believe that pressure changes m the stomach aie lesponsible 

In spontaneous ruptures pylorospasm and cardiospasm are probably pres- 
ent, which prevent the escape of the distending contents It is appaient that 
some factor must inteifere with the normal emptying of the stomach, or 
emptying by emesis, oi ovei distention beyond the limits of elasticity cannot 
occur In this connection, it is inteiesting to note that many cases of gastric 
rupture have been reported, in which a pathologic lesion of the esophagus, 
pylorus, or duodenum served to block the pressure-releasing mechanisms and 
a spontaneous rupture occurred in a nondiseased aiea, apparently by the 
above described mechanism Among this type is a case reported by Cavaillon 
and Leriche^^ of a stenosmg carcinoma of the pylorus After a heavy meal, 
a gastric lavage was attempted, resulting m a peiforation m an undiseased 
area of the anterioi wall near the lesser curvature Cannon and HalberC^ 
report the occlusion of a previously patent valvular stenosis of the duodenum, 
with acute dilation and ruptuie of the normal stomach A tear i 5 cm was 
pioduced about 2 cm from the cardiac orifice Seegar and Shulz’^^ leport a 
case of spontaneous rupture 111 an infant of 17 months At autopsy, an ob- 
stiuctmg band was found 20 inches below the pylorus Wunschheim^® le- 
ports a case m a patient whose stenosmg esophageal neoplasm pi evented 
vomiting Theie was a tear two inches long from the caidia parallel to the 
lessei cuivature Rupture of the stomach when incarcerated m a diaphrag- 
matic hernia has been reported by Beraid and Gallois/® and indicates that 
some damage or obstiuction to the stomach’s openings may have followed 
from its abnormal position These cases illustrate the fact that an obstruc- 
tion to one or the other of the stomach’s orifices is an important factor m 
the production of a gastric ruptuie 

Oscar Classman^ leports 14 cases of spontaneous rupture of the stomach 
Of these, two were operated upon, and one recovered The others died 
Wolf’s^ review, m 1936, lists 17 cases, some of which are from Glassman’s 
series We have found 13 additional cases which can definitely be considered 
spontaneous ruptures of the stomach This makes a total of 30 cases to 
which we add the one herewith reported Of these 31 cases only five were 
operated upon There were two recoveries Since 1911, there has been no 
such case admitted to the Jefferson Hospital in Philadelphia Howevei, 
there have been two cases of spontaneous rupture of lower end of the esopha- 
gus, near the cardia, which revealed no existing pathologic lesion at post- 
mortem One similar case Avas found among the records of the Philadelphia 
General Hospital, covering the records for the past five years 

Pathology — ^The ruptuie of the gastric wall usually occurs on the lesser 
curvatuie A number of the cases lepoited do not specifically locate the site 
of the tear As Key-Aberg^'^ points out, with distention the stomach tends 
to assume a spherical shape Therefore, the lessei curvature is stretched most 
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and tears first Cavaillon and Lenche^^ advance a similai explanation and 
demonstrate this localization of tears on dogs FiankeP® believes the absence 
of mucosal folds on the lessei curvature plays a role A second common site 
IS the anteiior wall near the fundus The tears piesent clean edges, vary in 
length, and may extend into the esophagus At operation or postmortem the 
stomach is usually found to be gi eatly distended and there is gross contamina- 
tion of the peritoneal cavity with undigested and partially digested food and 
liquids Micioscopic study of the gastric wall shows thinning, capillary 
hemorrhages, and eaily musculai degeneration 

Cltmcal Pictuie — The patient presents the pictuie of an overwhelming 
abdominal catastrophe There is often a history of dietary or alcoholic de- 
bauchery The patient may or ma)'^ not describe a sudden onset of pain In 
some cases a sensation of “giving way” or a “bui sting noise” has been heard 
Shock and prostration piedommate, the abdomen has a peculiar rigidity and 
diffuse tenderness, and peristalsis is absent Subcutaneous emphysema was 
noted in a number of the cases This was tiue of each of the three cases of 
spontaneous rupture of the lower end of the esophagus mentioned, and ac- 
companied those cases of spontaneous ruptuie of the stomach in which the 
teal s extended into the esophagus, and which were due to migi ation of gastric 
gases into the mediastinum 

Diagnosis — This has not been made pieoperatively m any case of spon- 
taneous lupture of the stomach However, the diagnosis of ruptuied esoph- 
agus was confirmed at autopsy in one case Of the 31 cases reviewed, only 
five were operated upon, and two lecoveied Though the couise is usually 
one of rapid death fiom geneiahzed peiitonitis, in two cases theie was spon- 
taneous recovery, with abscess and fistula formation 

Case Report — G K, \\hite, an obese female, age 51, weighing 320 lbs, was ad- 
mitted to the Philadelphia General Hospital, Julv 29, 1939, at 12 05 a m She had been 
overeating and drinking alcoholic beverages since July 21, 1939 On July 26, 1939, she 
suffered vague upper abdominal pains but was relieved by -vomiting On July 28, before 
dinner she had “several drinks” and then ate a “very heavy” meal of macaroni, meat balls, 
cheese, tomatoes, potatoes, bread, pie, water and three glasses of grape juice A little 
later she drank some whisky She began to feel quite bloated and had “heavy feelings” 
m her abdomen To relieve this she took “several teaspoonsful of sodium bicarbonate in 
a glass of water and drank it down ” Immediately after this she felt a sudden, severe, 
generalized abdominal pain which “doubled her up ” It continued unabated, with periods 
in which the pain was referred to the right shoulder She vomited repeatedfi up to the 
time of her admission, the vomitus containing small quantities of blood mixed with fluids 
and particles of food 

On examination, she appeared 111 shock, pulse 140, respirations 32 and were shallow 
and rapid, temperature 99° F Blood pressure 138/96 She was doubled up with pain, 
and her forehead was beaded with a cold perspiration The right breast was absent 
(amputated in 1930 for cyst) The heart was essentially negative The lungs were 
normal There was generalized tenderness of the abdomen with corresponding rigidity 
The rigidity was somewhat less than the “board-like” character seen in perforated ulcer 
Peristalsis was absent throughout, though the patient’s uncontrolled grunting made this 
observation difficult A large mass which we thought to be a large uterine myoma was 
present m the lower abdomen 
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Leukocyte count was 14,900, 74 pei cent polymorphonuclear neutrophils, 22 per cent 
lymphocytes, 3 per cent mononuclears, and i per cent eosinophils Blood urea nitrogen 
17 mg per cent A flat film of the abdomen showed that “there apparently is consideiable 
air under both diaphragms The stomach appears considerably dilated and distended with 
gas, and theie are several loops of colon with gas demonstrable No evidence of acute 
obstruction ” 

In an effoit to improve the patient’s condition preopeiatively, treatment was insti- 
tuted which consisted of Wangensteen suction-drainage of the stomach and intravenous 
administiation of glucose in normal salt solution In spite of this, she grew rapidly 



Pic I — A dngranimatic drawing- to show the distended stomach and the 
greatly distended lesser peritoneal sac An overflow is noted through the 
epiploic foramen 

worse so that her temperature was 104° F at 2 p m , at which time her abdomen was 
opened under continuous spinal anestliesia It was then appro\imate!j^ 14 hours after 
her admission, and about 12 hours after air had been demonstrated in the peritoneal 
cavity In retrospect, we must condemn the delay m bringing this case to operation, for 
this case represents an example of inexcusable postponement of operative treatment while 
waiting for improvement in the general condition to be brought about by use of the 
Wangensteen tube and other conservative measures While the patient presented an 
obscure and confusing diagnostic problem, it is now obvious that her chances of recovery 
would have been greatly enhanced had operation been undertaken soon after her admission 
On opening the abdomen large quantities of partially digested food were found present 
throughout the greater and lesser peritoneal sacs The gastrohepatic omentum was 
greatly distended (Fig i), and seemed to confine most of the gastric contents to the 
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lesser sac This may explain the peculiar rigidity noted on the first examination The 
gastrohepatic omentum was opened and the free fluid and particles of food were aspirated 
(3 5 liters) and wiped from the greater and lesser sacs of the peritoneal cavities A tear, 
approximately five inches long, was found situated on the lesser curvature (Fig 2) It 
involved the lower one and one-half inches of the esophagus and ran downward toward 
the pylorus No evidence of any pathologic lesion in the stomach or esophagus could be 
found The laceration was closed with considerable difficulty, and the suture line re- 



Fig 2 — A drawing showing the cut gastrohepatic omentum, exposing the 
lesser sac, and the rupture involving the lower end of the esophagus and 
extending along the lesser curvature 


enforced with the divided gastrohepatic omentum A cigarette dram was placed in the 
lesser peritoneal cavity and two cigarette drains were carried out through a stab w'ound 
m the suprapubic area During the operation, the patient received a transfusion of 400 
cc of citrated blood She left the operating table with a blood pressure of 110/70, pulse 
125, respirations 25 Toxemia and peritonitis progressed rapidly and the patient died six 
hours after operation, approximately 24 hours after the onset Permission for autopsy 
was refused 


summary 

(1) A case of rupture of the stomach following the ingestion of sodium 
bicarbonate is submitted, with a review of the material found on spontaneous 
rupture of the stomach 

(2) Rupture of the healthy stomach is an unusual condition It has not 
been diagnosed preoperatively or before autopsy 
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(3) The faclois concerned with the possible mechanism of this catastiophe 
aie discussed 
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PRELIMINARY COLOSTOMY 
IN THE MANAGEMENT OF 
GASTROCOLIC AND G ASTRO JE JUNO COLIC FISTULAE 

Carleton Mathewson, Jr, MD 

San Francisco, Calif 

FROM THE ST\NFORD UNI\ EHSITl SHRQICAl, &ERMCE SAN FRANCISCO HOSrlT\I S VN FRANCISCO CALIF 

At a meeting of the Ameiican Surgical Association in May, 1939, 
Pfeiffer,® of Philadelphia, and Kent, of Norwich, reported a method of handling 
patients suffering with gastrojejunocohc fistulae which throws a new light 
upon the pathologic physiology of this condition, and suggests the possibility 
of loweiing the high mortality of surgical treatment They happened upon 
this procedure almost by accident One of then patients who had a gastro- 
jejunocohc fistula was given a baiium meal which failed to pass from the 
stomach into the colon However, barium given by enema passed readity into 
the jejunum and stomach, demonstiating a ball-valve type of fistula At 
operation, the fistula was found to be surrounded by dense adhesions and 
marked inflammatory reaction It was decided to perform a preliminary 
colostomy, on the theory that since the flow through the fistula was in one 
direction only, namely, from colon to stomach, a colostomy would divert the 
fecal stream and make subsequent operation upon the fistula easier After 
an ascending colostomy was performed the diairhea ceased entirely, and the 
patient picked up surprisingly in weight and stiength This was not m accord 
with the accepted theories regarding the cause of diarrhea m these cases, 
namely, that it is due to the emptying of acid stomach contents into the colon 
Rather, it would appear that 1 egurgitation of colonic contents into the upper 
gastro-intestmal tract sets up a severe enteritis and consequent diarrhea A 
few months later, at operation, the inflammatory reaction around the fistula 
was found to have subsided almost completely, the tissues were m more nearly 
normal condition, and the operation foi coriection of the fistula was carried 
out moie simply than it could have been pieviously After simple closuie of 
the gastro-enterostoniy, colonic and jejunal fistulae, the patient made an un- 
eventful recovery The colostomy was closed at a later date These authors 
reported one othei patient of their own and one of Dr Ralph Colp’s, both with 
similar courses following preliminary colostomy Our interest in this subject 
began in September, 1939 

lEEUSTRATIVE CASES 

Case I — Y S , white, male, age 59, entered the San Francisco Hospital, May 13, 
1936, complaining of continuous vomiting of foul material for two months, diarrhea with 
as many as 16 bowel movements daily, and loss of 50 pounds in weight He had had a 
posterior gastro-enterostomy m May, 1930, for a persistent duodenal ulcer He was well 
for two years following the gastro-enterostomy when he suddenly experienced severe 
epigastric pain lasting about 24 hours associated with abdominal tenderness Subsequently 
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there occurred nocturnal diarrhea, and he noted large amounts of undigested food in the 
stools, followed by extreme weakness and a loss of 50 pounds in weight A gastro- 
jejunocolic fistula was demonstrated by barium enema 

Opel af toil — ^June ii, 1936 The fistula was found and was repaired by dissecting the 
colon free from the gastro-enterostomy and closing the fistulous openings in the colon 
and in the jejunum The patient was left with the original gastro-enterostomj" After a 
stormy convalescence he was free from diarrhea but continued to have marginal ulcer 
symptoms, regardless of diet 

Upon reentry to the San Francisco Hospital in September, 1939, he weighed 97 pounds 
(his best weight had been 180 pounds) Phj'-sical examination revealed a pallid, dehy- 
drated, markedly emaciated adult male with evidence of generalized arteriosclerosis 
Peristalsis was hj'peractive visually and audibl> There was an old healed upper midline 
scar extending from the xiphoid to the umbilicus There was a healed right inguinal scar 
and a McBurney incision scar which herniated with increased intra-abdominal pressure 
Urinalysis, complete blood chemistry, blood Wassermann and Kahn were negative Ex- 
amination of the blood at first showed evidence of marked dehydration and later a mild 
secondary anemia Barium enema revealed a fistulous communication between the mid- 
portion of the transverse colon and jejunum which filled the stomach and jejunum with 
barium simultaneously Gastroscopic examination did not disclose the fistula Barium by 
mouth emptied through the gastro-enterostomy and passed from the jejunum into the colon 

Fust Opciahon — On October 10, 1939, the cecum was brought out of the abdomen, 
and was opened on October ii With the opening of the cecostomy the diarrhea imme- 
diately stopped Charcoal given by mouth appeared in the cecostomy after 15 hours The 
patient began to gam weight and strength immediately and all vomiting stopped Barium 
by mouth, Octobei 30, 1939, 20 days following the cecostomy, revealed the gastrojejuno- 
colic fistula, and so did a barium enema given December 29, 1939, two months later The 
patient gained from 97 pounds upon entry to 131 pounds in less than two months All of 
the patient’s sj'mptoms had disappeared 

Second Opel af ton — ^January 16, 1940 Under cyclopropane anesthesia, the upper mid- 
line abdominal scar was excised and the abdomen opened There were many adhesions 
The stomach was found to be large and dilated , the duodenum was very narrow, fibrous 
and contracted, measuring less than i cm in diameter Palpating through the stomach 
wall, a stoma could be felt between the stomach and a loop of proximal jejunum and also 
between the transverse colon and jejunum The inflammatory changes usually found about 
this type of lesion were completely absent A jejunocohe fistula measuring about 3 mm 
in diameter was found The colon was dissected free and closed transverselj with chromic 
sutures The gastro-enterostomy was taken down and, after resection of three-quarters 
of the stomach, a Polya type of posterior anastomosis was made, using the combined open- 
ing m the jejunum left by the previous gastro-enterostomy and jejunocolic fistula The 
patient made an uneventful recovery On February 13, 1940, the cecostomy was closed 
The patient has since remained well 

Case 2 — W A , white, male, age 42, entered the San Francisco Hospital, Januarv 2, 
1940, complaining of severe pam m the epigastrium relieved by \omiting of fecal material 
and belching of gas with fecal odor, both of two months’ duration During the past 
month he had had five to six liquid bowel movements daily, and had lost 17 pounds m 
weight He was so weak he could not walk From the age of 14 he had suffered with 
stomach trouble, characterized by burning epigastric pain and sour eructations relieved 
by soda In 1923, a gastro-enterostomy was performed in the Buffalo City Hospital He 
was well for one year after which his sjmptoms returned In 1932, 1934, and m 1937 
he had suffered with severe gastric hemorrhages, requiring transfusions 

Physical Exantuiafton — ^The patient was markedly emaciated, and his fingers were 
slightly clubbed The breath was very foul The thorax was poorly nourished, with 
poor expansion of both sides There w’as impaired resonance over both apices Both bases 
w'ere hyperresonant No rales were heard Blood pressure 120/80 Heart negative The 
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abdomen was scaphoid, with an oblique right upper quadrant scar and a transverse right 
lower quadrant scar Both upper quadrants were slightly rigid and tender to pressure, 
especially on the left Peristalsis was markedly hyperactive Laboiatoiy Data Blood 
chemistry negative Mild secondary anemia Blood Wassermann and Kahn negative 

Gastroscopic examination revealed an atrophic gastric mucosa No pyloric activity 
was seen The gastro-enterostoniy could not be seen A barium meal, January 8, 1940, 
revealed a gastrojejunocolic fistula Methylene blue given by mouth appeared m the 
stool after one hour and 30 minutes Gastric analysis disclosed a complete absence of 
free HCl, and a highest total acid of 20° at ten minutes On January 13, 1940, the gastro- 
colic fistula was demonstrated by barium enema 

Fust Opeiation — Under local anesthesia, a loop-colostomy was performed on the 
right side of the transverse colon, which was opened in bed a few days later The diarrhea 
stopped immediately following the opening of the colostomy In spite of an advanced 
bilateral pulmonary tuberculosis this patient gained i8 pounds after the colostomy was 
performed 

Second Opoafwn — August i, 1940 Under spinal anesthesia, the abdomen was opened 
through a left paramedian upper abdominal incision Although many adhesions were 
encountered, there was a remarkably small amount of inflammatory reaction about the 
old gastro-enterostomy A small fistula was found connecting the anterior margin of the 
gastro-enterostomy opening and the posterior wall of the colon The colon was freed and 
the fistulous opening closed with chromic gut The gastro-enterostomy was taken down 
and the opening in the jejunum closed with chromic catgut A gastric resection was then 
performed, removing about three-quarters of the stomach 

In spite of the fact that this patient was suffering with an extensive pulmonary tuber- 
culosis, the postoperative course was not remarkable On the fourth postoperative day 
he started taking nourishment by mouth, and after the sixth postoperative day he remained 
afebrile The abdominal wound healed by first intention 

Because of some difficulty experienced with tlie colostomy in this patient, 
we were able to observe the influence of stool m the distal segment of the colon 
upon the frequency of bowel movements both by rectum and colostomy 
Whenever the distal segment of colon was free of stool the diarrhea stopped 
This seemed to us to be rather conclusive proof that Pfeiffer was right in his 
contention that the diarrhea in these patients was not due to gastric contents 
getting into the colon but rather due to colonic contents regurgitating into the 
upper gastro-intestinal tract causing hyperpenstalsis in the small bowel and 
consequent diarrhea The fact that methylene blue taken by mouth appeared 
in the stool after one hour and 30 minutes would also make one believe that 
it had passed through the gastro-intestinal tract very lapidly rather than 
directly from the stomach into the transverse colon 

Case 3 — J D , white, male, age 39, entered the San Francisco Hospital, Januarj 31, 
1940, complaining of diarrhea of two months’ duration In 1929, he had had a sudden 
severe onset of epigastric pain and was operated upon for a perforated peptic ulcer A 
gastro-enterostomy was performed and the ulcer was closed Since that time the patient 
suffered with continuous ulcer symptoms In 1938, he reentered the hospital and a 
marginal ulcer was demonstrated but he was not operated upon About two months before 
his last entry a diarrhea suddenly developed which gradually increased in severity With 
the onset of diarrhea all pain disappeared but he began to belch fecal-smelhng gas and 
had occasional attacks of vomiting 

Physical Examination — The patient was thin and pallid, with a scaphoid abdomen 
which showed two cehotomv scars Peristalsis was violently hyperactive Barium enema 
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revealed a gastrojejunocolic fistula Barium meal failed to demonstrate the fistula but 
showed very rapid filling of the small bowel both through a gastro-enterostomy opening 
and through the pylorus The barium was seen to enter the large bowel after 30 minutes 

Fust Opoation — February 3, .1940 A loop-colostomy was established in the right 
side of the transverse colon, which was opened m bed four days later The diarrhea 
stopped immediately following the opening of the colostomy Five weeks after the 
colostomy the patient had gained from 103 pounds to 119^ pounds 

Second Opci ahon — March 21, 1940 The abdomen was opened through the old mid- 
line upper abdominal incision Many adhesions were encountered but the region of the 
gastrojejunocolic fistula was remarkably free of inflammatory reaction A very large 
fistulous opening was found between the jejunum and colon, apparently beginning at the 
margin of the gastro-enterostomy The opening m the large bowel measured about S cm 
The colon was dissected free and closed transversely with chromic sutures The gastro- 
enterostomy was then taken down and, after resection of about three-fourths of the 
stomach, a posterior Polya type of anastomosis was made, using the original opening in the 
jejunum for the anastomosis An old healed scar of a marginal ulcer was removed from 
the edge of the opening in the jejunum before the anastomqsis was undertaken 

This patient did well following the resection, with the exception that the proximity 
of the colostomy to the midline wound caused some infection and delayed healing On 
April 5, 1940, about two weeks following the gastric resection, a barium enema revealed 
some narrowing of the transverse colon at the site of the previous fistula Barium flowed 
from the superior margin of the distal end of this narrowed segment into what appeared 
to be a sinus tract leading upward toward the greater curvature of the stomach, but no 
barium entered the stomach 

Tlmd Opeiation — May 23, 1940 The colostomy was closed 

This patient demonstiated thiee impoitant points First, that barium given 
by mouth passes very rapidly through the irritated small boivel , second, that 
even though some leakage may occur from the site of repair in the colon, 
pieliminai}' colostomy will prevent disaster fiom this leakage, and third, that 
diarrhea will occui in these patients even though a fistula cannot be demon- 
stiated by giving barium by mouth 

In their original article repoiting this proceduie, Pfeiffer and Kent men- 
tioned that upon reviewing the literature a single instance was found in which 
colostomy was employed as a preliminary measure to the correction of gastro- 
jejunocohc fistula vis , ColuccP repoited a cecostomy performed upon a pa- 
tient with symptoms suggesting intestinal obstiuction A gastrocolic fistula 
was later demonstrated, and was apparently the result of spontaneous perfora- 
tion of a gastric ulcer into the colon The symptoms of bowel obstruction in 
this case bi ought to mind a patient seen at the San Francisco Hospital in 
October, 1938 He had been transferied to us fiom another hospital where 
he had undergone an appendicectomy because of vague gastro-intestmal 
symptoms, with local findings suggesting appendicitis The appendix was 
found to be normal but the cecum was indurated at its base, suggesting a 
previous rupture, with abscess formation Following appendicectomy there 
developed generalized peritonitis and, later, inteimittent attacks of bowel 
obstruction and a left lower quadrant abscess The abscess was drained A 
fecal fistula developed in the appendicectomy wound and in that following 
diainage of the abscess At no time did this patient have diarrhea Three 
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days after entiy to the San Francisco Hospital a gastrocolic fistula was demon- 
strated, both by barium enema and with barium given by mouth Tissue 
removed from the walls of the fecal fistulae showed tuberculous granulation 
tissue and tubercle bacilli Roentgenologic examination of the chest revealed 
bilateral pulmonary tuberculosis, with cavitation The patient died in the 
Tuberculosis Division about three months after entry, without ever experi- 
encing diarrhea 

Autopsy revealed an opening in the greater curvature of the stomach, 
about 5 mm m diameter, which communicated with a sinus tract leading to a 
circular opening m the transverse colon The sinus tract also communicated 
with two other openings into the colon, one into the transverse colon about 
4 cm fiom the first opening and the othei into an ulcer m the cecum about 
4 cm above the ileocecal valve 

The absence of diarrhea m this case led us to study other gastrocolic and 
gastrojejunocohc fistulae m the records of the San Francisco Hospital We 
were able to find the histones of six instances of gastrojejunocohc fistulae, all 
secondary to marginal or jejunal ulceis perforated into the tiansverse colon 
These all occuried from two to 15 yeais after a gastro-enterostomy In all of 
these patients, as in the thiee repoited, the outstanding symptoms were 
diarrhea, and loss of weight and strength 

One of these patients had a gastro-enterostomy perfoimed in 1915 He 
was well until 1923, eight years later, when he enteied the University of Cali- 
fornia Hospital complaining of seveie diarihea and loss of weight and strength 
A gastrojejunocohc fistula was demonstrated and repaired at operation by 
taking down the gastro-enterostomy and restoring the 1101 mal continuity of 
the bowel The patient was well for one and one-half yeais when all of his 
original ulcer symptoms leappeared Six months latei he enteied San Fran- 
cisco Hospital complaining of pain m the abdomen and belching of foul- 
smelling gas He had no diairhea Barium by mouth revealed a gastrocolic 
fistula The small bowel was not involved This patient had a gastrojejuno- 
cohc fistula at one time associated with a severe dianhea and later a gastro- 
colic fistula with no diarrhea 

Six other cases of mteiest weie reviewed One case of rupture of a cai- 
cmoma of the stomach into the transverse colon, one carcinoma of the trans- 
verse colon into the stomach, and one gastrocolic fistula secondary to an 
abdominal abscess following trauma to the upper abdomen In all of these 
cases a gastrocolic fistula was demonstrated roentgenologically, and in two, 
confirmed at autopsy All three patients complained of belching of foul- 
smelling gas and of fecal vomiting , in none was a diarrhea present 

The other three cases reviewed, repiesented enterocohc fistulae, two car- 
cinomata of the colon with rupture into the small bowel, and one carcinoma 
of the ileum ruptured into the large bowel In all three of these patients, 
violent diarrhea was the outstanding symptom after the fistula had become 
established In one patient the symptoms were those of a bowel obstruction 
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until the fistula appeared six days aftei entiy into the hospital Dianhea was 
followed b}^ lelief of pain and vomiting 

Although dial rhea is said to be an outstanding symptom of gastiocohc 
fistula, a review of the cases lepoited in the literature would cast some doubt 
upon this contention It is true that certain cases leviewed had dianhea as 
an outstanding symptom but m most of these, the gastrocolic opening was vei y 
laige or theie was some obstruction to the normal flow of gastric contents 
through the pylorus In a large number of the case histones reviewed, con- 
stipation rather than diairhea was the rule On the other hand, gastro- 
jejunocohc fistulae and enterocohc fistulae m which a segment of small bowel 
IS present and patent distal to the fistulae, diarrhea is mvaiiably piesent 

These facts would tend to indicate that the low threshold of iintability of 
the small bowel has something to do with the development of dianhea m these 
patients, and certainly tends to disprove the popular idea that the emptying 
of stomach contents into the large bowel is the etiologic factoi At any rate, 
theie can be little doubt that shoi t-circuitmg the fecal stream, pioximal to 
the fistulous opening, piomptly alleviates all of the symptoms and lestoies the 
patient to noimal health 

It IS not the author’s purpose here to discuss the choice of procedure aftei 
colostomy except to say that oui leview would indicate that simple lestoration 
of continuity is frequently followed by leturn of the original ulcei symptoms 
and that simple closuie of the colonic fistula is apt to lead to recuirence 
Prelimmaiy colostomy makes any subsequent procedure simpler and safer and, 
as indicated by the fiist three patients reported heie, allows one to undertake 
extensive gastric resection 


SUMMARY 

(1) Nine cases of gastrojejunocolic fistulae have been studied together 
with four cases of gastrocolic fistulae and three cases of entei ocohc fistulae 

(2) Thiee cases of gastiojejunocolic fistulae tieated by preliminary colos- 
tomy are presented in detail 


CONCLUSIONS 

(1) Colostomy as a piehminary pioceduie m the treatment of gastro- 
jejunocolic fistulae not only stops the dianhea immediately and completely, 
allowing the patient to legain his body weight and noimal fluid balance, but 
greatly facilitates the suigical coirection of the fistula at a subsequent opera- 
tion by correcting the inflammatory reaction usually seen about these fistulae 

(2) The diarrhea experienced in gastrojejunocolic fistulae is, definitely, 
the result of a reflux of colonic contents into the uppei gastro-intestinal tract, 
rather than the influx of gastiic contents into the large bowel 

(3) Diarrhea is a symptom of gastrojejunocolic fistula but not necessarily 
a symptom of gastrocolic fistula 

(4) Right-sided transverse colostomy, in our experience, is pieferable to 
cecostomy in these patients 
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THE SURGICAL MANAGEMENT OF FECAL FISTULAE 

Chaeles W Mayo, M I) , 

DIVISION or 8UnGER\, MAIO CLIMC 

AND 

Carl P Schltcke, MD 

FELLO\\ IN SDnOEIlI, lUlO FOUNDATION 

Rochester, Mikn 

The development of a fecal fistula following an abdominal operation is 
a source of great embari assment to the suigeon and of consideiable distiess 
to the patient This unfortunate complication is probably less common now 
than was once the case,^ because of an inci easing tendency to avoid operating 
for acute pelvic inflammatory conditions and because of a bettei understanding 
of such diseases as diverticulitis and regional enteritis Yet it is still of suffi- 
ciently frequent occuirence to wan ant an occasional appiaisal of the methods 
employed in its management 

Recent progress in the care of patients having fistulae has been mainly in 
the field of conseivative treatment This phase of the problem has recently 
been reviewed by Dixon and Deuterinan ^ The mam objectives of conservative 
treatment are to provide nature with eveiy opportunity to bung about spon- 
taneous healing, or, this failing, to get the patient into the best possible general 
condition before subjecting him to more heroic measures Disturbances re- 
sulting from loss of fluids, electrolytes oi enzymes, and nutiitional deficiencies 
are recognized and corrected Acute inflammatory processes are allowed to 
subside, and the condition of the tissues sui rounding the fistula is improved 
as much as possible 

In this study we have attempted to evaluate the lesults of surgical treat- 
ment and to determine the factors influencing these lesults As a basis for 
this study, the records of patients presenting themselves at the Mayo Clinic, 
between January i, 1930, and Decembei 31, 1934, inclusive, in whom an ab- 
normal communication existed between the small or laige intestine and the 
surface of the body, have been reviewed Excluded were patients Mith ano- 
rectal fistulae or cases in which enteric stomata had been established purposely, 
in the course of stage-operations or for the relief of ileus 

It IS generally stated that the greater the length of a fistulous tract, the 
greater the likelihood that spontaneous healing will take place However, it 
IS also tiue that the longer the tract, the greater the technical difficulties which 
may confront the surgeon, should operation prove necessarj'' This is ivell 
exemplified by the comparative simplicity attending repair of so-called “hp- 
fistulae”^ (short tract fistulae in which continuity between skin and mucous 
membrane exists) in contrast to correction of the more complex fistulae of 
other types One bundled and fifty-five cases of the lattei were encountered 
in the five-yeai peiiod embraced by this study One hundred and twent) -eight 
of these patients were subjected to operation 

1011 



MAYO AND SCHLICKE 

Table I 

CAUSATION or ISS rrCAL FISTULAE 


Annals of Surgery 
December 1941 


Underlying Disease Process or Condition for which 
Operation Was Performed 

1 Appendiceal disease 
A Appendicitis 

B Conditions resulting from appendicitis 

2 Bemgn disease of the female pelvic organs 

3 Tuberculosis (intestinal or pelvic) 

A Definite 
B Questionable 

4 Malignant tumors 
A Intestinal 
B Pelvic 

5 Inflammatory disease of the bowel 
A Regional ententis 
B Ulcerative colitis 
C Actinomycosis 

6 Diverticulitis 

7 Miscellaneous 

A Obstructive conditions of the bowel 
B Intestinal perforation (gunshot traumatic) 

C Affections of the spleen 
D External henna 
E Cholecystitis 

In Table I the fistulae are classified according to cause Fistulae weie 
most common following operations foi appendicitis, appendiceal abscess, or 
conditions resulting from appendicitis (ileus, adhesions) Operations upon 
the female pelvic organs contributed the second largest number of fistulae 
No fistulae occurred spontaneously, but in ten cases the only operation per- 
formed was drainage of an abscess secondary to rupture of an infected diver- 
ticulum, to perforation of an area of legional enteritis, or to pelvic inflamma- 
tory disease There were no fistulae of congenital origin 

The operation which had resulted in the formation of a fistula was not a 
reliable criterion of the true nature of the underlying disease Thus, of 67 
cases in which appendicectomy had been pei formed, tuberculosis was found in 
seven, regional ententis in foui, malignant lesion in three, and diverticulitis 
in two 

In II cases fistulae had been present less than three months before the 
patient was admitted In 26 cases the duration was between three and six 
months The greatest numbei of fistulae (45) had been present between six 
months and one yeai In 30 cases the duration was between one and two 
years , in 18, between two and five years In 25 cases the fistulae had been 
present foi more than five yeais Included were one case of 45 years’ duia- 
tion, and three of more than 20 years’ duration 

As would be expected from the preponderance of appendiceal disease as an 
etiologic factor, the right lowei quadrant was the most common site of the 
external opening, with the low midline scar of previous pelvic opeiation 
occupying second place, and the left lower quadrant, thud place No portion 
of the abdomen, groins or loins escaped as a site of opening In four cases 
fistulae existed in the wounds of posterior resection of the rectum, and in one 

1012 


Cases m which Closure 
Was earned Out at 
the Mayo Clinic 

36 

5 
22 

15 

3 

13 

0 

II 

4 
0 

6 

5 
4 
2 
I 
I 


Cases in which no 
Operative Attempt 
at Closure Was Made 
at the Mayo Clinic 

S 

1 

3 

2 

4 

1 

2 

0 

0 

1 
3 

I 

0 

0 

I 

o 



Volume 114 
Number 6 


FECAL FISTULAE 


case fecal matter (and urine) drained from a perineal fistula Multiple exter- 
nal openings weie present in 21 9 per cent of the cases The size of the 
opening was too small to admit a finger tip m the majority of the cases, but m 
almost one-fourth of the cases a larger opening existed The most common 
type of diamage was a scant but unmistakable fecal dischaige, while m about 
one-fouith of the cases which came to opeiation, between 25 and 75 per cent of 
the feces passed through the fistula In four cases no fecal matter passed 
thiough the normal channels In a few cases, only pus was discharged 

In 27 cases operative closuie was not attempted, because of disinclination 
on the part of the patient, of some serious contiamdication, or of a desiie to 
allow further time foi spontaneous healing These cases will receive no fui- 
ther consideiation in this study, and all refeiences hereaftei will be to the 
cases m which operation was perfoimed 

The most common site of the internal opening was in the ileum, 40 cases 
(31 3 per cent) In 20 (48 8 pei cent) of the postappendiceal cases, the open- 
ing was in the cecum 01 what lemamed of the appendix, but m 15 cases (36 6 
per cent), in many of which secondaiy opeiations had been pei formed, the 
ileum was involved In 39 cases (30 5 per cent) the sigmoid was the site of 
the internal opening, pelvic operations accounting foi 40 o per cent of these, 
diveiticuhtis for 17 i per cent, and tuberculosis, regional enteiitis, appendicitis 
and malignant lesions accounting for the remainder The jejunum was 
involved in two cases, the ascending colon m one, the tiansveise colon m two, 
the splenic flexuie in two (following operations upon the spleen), and the 
descending colon in thiee In 25 cases the site of the internal opening was not 
accurately localized 

Single openings weie found 111 67 cases (52 3 per cent) and multiple open- 
ings in 36 cases (28 i per cent) Additional complicating internal fistulae 
existed in a number of cases — enterocolic fistulae in two cases, entei ovesical 
fistulae in four, and 111 two cases there were openings communicating with the 
vagina The complexity of some of the fistulae was ti uly remai kable In one 
case fistulae m the cecum, sigmoid and ileum opened into a common tiact, m 
anothei there were holes in the sigmoid, tiansverse colon and cecum In one 
case, in addition to multiple ileal fistulae, the sigmoid was found to be com- 
pletely divided Most of the complex fistulae occurred m cases m which there 
had been previous attempts at closure 

In a considerable numbei of cases it was possible, preopeiatively, to estab- 
lish faiily accurately the location of the internal opening In five cases sigmoid 
openings were visualized proctoscopically Injection of ladiopaque substances 
into fistulae 01 administration of barium sulphate with subsequent loentgeno- 
logic study established the presence of fistulae in several doubtful cases, and the 
segment of bowel involved m many Multiple internal openings were not well 
demonstiated by these methods Roentgenologic study was most valuable in 
detecting underlying diseases of the bowel and m supplying information 
regarding the patency of the bowel distal to the fistula 

Many of the patients were very poor operative risks Debility was most 
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marked in the cases in which there was colitis oi regional enteritis, but it 
figured prominently in almost 20 per cent of the cases Many of the patients 
were emaciated, anemic and bediidden at the time of admission Maiked 
excoriation of the skin 01 inflammation of the tissues surrounding the fistula 
was piesent m about 10 pei cent of the cases Paitial intestinal obstruction 
existed m five cases Pelvic abscesses were veiy common Pulmonary tuber- 
culosis was piesent m seven of the 18 cases of tuberculous origin Intestinal 
parasites wei e discovered in three cases Unrelated conditions, such as obesity, 
hypertension, nephrosis, diabetes, rheumatic endocarditis and neurologic dis- 
orders added to the risk in other cases Previous operative attempts at closure, 
varying from simple extraperitoneal suture to complex resections, had been 
performed m 49 cases (38 3 pei cent) 

Preoperative pieparation was carried out along the lines described by 
Dixon and Deuterman Intraperitoneal vaccine was administered to a number 
of the patients, a practice since discontinued in such cases, m which there has 
obviously been ample autovaccination 

OPERATIVE PROCEDURES 

Cm ettage and Packing — This was carried out m 14 cases (10 9 per cent) 
Appendiceal, tuberculous, malignant and pelvic cases were lepresented in this 
gi oup When possible, multiple external openings wei e converted into single 
openings In one case a foreign body was removed 

Exbapentoneal Closwe — Simple freeing of the stoma with inversion of 
the mucosa and closure of the skin, without enteimg the peiitoneal cavity, was 
carried out m only five cases (39 per cent) 

Ini) apeutoneal Closwe — This was the most commonly employed proce- 
dure, 47 cases (367 pel cent) Diseased pelvic oigans and appendixes, when 
present, were removed at the same time , abscesses were drained In four cases 
shoit-circuiting operations, and in thiee cases pioximal entei ostomies were 
added for safety In about one-fourth of the cases in which intiaperitoneal 
closuie was peifoimed, such large defects m the wall of the bowel were pres- 
ent that simple closure by purse-stung or transverse sutuie was not feasible 
and plastic procedures were required Closuie was usually effected with two 
or thiee layeis of continuous catgut, silk occasionally serving 111 the outei layer 
In most cases the abdomen was entered thiough the old incision, the fistulous 
tract being dissected out in the pi ocess, but in a few instances a new and remote 
incision, as recommended by Lockhart-Mummeiy,^ was emplo3fed Drains 
weie left in the peritoneal cavity m about half of the cases In the few 
instances in which the fistulous tract was not removed it was utilized for 
drainage, and in a few cases subcutaneous drains were employed In the 
remainder, no drains weie inserted 

Resection — ^This was the second most commonly used procedure, 33 cases 
(258 per cent) It was the opeiation most fiequently performed upon pa- 
tients with regional enteritis or ulcerative colitis Simple resection and anas- 
tomosis were performed in one-third of the cases in which this type of opera- 
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tion was Gained out, while m another third, proximal enterostomy w'as added 
In half of the remaining cases, stage resections were earned out, wdiile m 
the lemamder, leaking bow^el stumps (left after previous resection) oi previ- 
ously shoit-circuited segments of bowel were removed In a number of the 
cases repair of defects in other portions of the bow^el w^as lequired 

E^tei wucahon — Obstructive resection oi simple exteriorization w'as per- 
formed m five cases (39 per cent), simultaneous closure of openings m other 
parts of the bowel being earned out m several cases Subsequent closuie of 
the operative stoma ivas performed in tin ee of the five cases m this group 
Append'icectoiny — This w^as the only pioceduie earned out in four cases 
m which the fistula was ascribed to previous appendiceal disease 

Dive) Sion Opciafions — Fistula-beanng segments w'^ere short-cn cuited m 
tliiee cases, m one case a previously short-cn cuited segment w^as furthei iso- 
lated by division of the bowel proximal to the fistula-beanng poition, and m 
SIX cases colostomy w'as peifoimed proximal to the fistulous bow'el 

Pelvic Opeiafwns — ^Removal of pelvic organs affected by inflammatory 
disease w^as the operation pei formed in thiee cases, wdnle m one case tubercu- 
lous pelvic oigans w'ere lemoved In these cases either the opening m the 
bowel was not visualized or the condition of the surrounding tissues w^as felt 
not to ivarrant closuie or resection 

Diainage oj Intia-ahdominal Abscas — This was performed in three cases 
Exploiatwn — This was perfoinied m thiee cases 

POSTOPERATIVE HISTORY 

The average length of slay in the hospital of the 128 patients was 35 days 
There wfeie 13 postoperative deaths, a mortality late of 102 pei cent In 28 
cases (243 per cent of the 115 cases m w'hicli the patients lived) the w'ound 
was healed at the time the patient was discharged In 60 cases (52 2 per cent 
of 1 15 cases) a seropurulent discharge peisisted In 27 cases (23 5 per cent 
of 1 15 cases) fecal matter w^as being dischaiged from the w^ound Tw^o of the 
healed w^ounds broke dowm aftei the patient left the hospital Thirty-five of 
the wmunds wdiich w^ere diainmg pus w'eie subsequently reported healed, 
while four of those from wdiich fecal matter w'as draining subsequently healed 
There w^as no adequate follow'--up on 23 patients (18 o per cent of 128 cases), 
but m seven of these the w^ounds w^ere healed at the time of discharge A 
striking commentary on the seriousness of the condition is the fact that 16 
more patients (125 per cent of 128 cases) died wnthin one year of their 
departure 

Immediate postoperative complications included shock (seven cases), gen- 
eral peritonitis (ten cases), local peritonitis wnth abscess formation (five 
cases), severe wmund infection (16 cases), erysipelas (one case), wound dis- 
ruption (twm cases), ileus (ten cases), pulmonaiy complications (ten cases), 
urinaiy fistulae (three cases), fecal fistulae (30 cases), external hemorrhage 
(one case) phlebitis (one case) and parotitis (one case) 

An analysis of the 13 cases in wdnch there w^ere postoperative deaths re- 
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vealed that, preoperatively, three of the patients had partial intestinal obstruc- 
tion, and five were recognized as pool risks because of debility or intercurrent 
disease At opeiation, multiple internal openings or extensive defects in the 
bowel wall weie found in nine cases Extensive resections or plastic recon- 
sti uctions wei e i equired in all but tin ee cases In one of these latter the patient 
was subjected to two extensive pelvic operations during a period of nine weeks , 
one was a severely debilitated patient suffering from ulcerative colitis, and the 
third died following closure of large and small bowel openings and lemoval 
of tuberculous pelvic organs Postoperative shock occuned m five of the cases 
in which death occuired General peritonitis was the cause of death in eight 
cases (associated with pneumonia in one case) Pelvic peritonitis was the cause 
in two cases (combined with pneumonia in one and with extensive ulcerative 
proctosigmoiditis in the othei), shock and inanition in one case, bioncho- 
pneumonia in one case, and erysipelas in one case 

Comment — ^Evaluation of the lesults of any given foim of opeiative treat- 
ment was difficult because of the numbei of variables The highest morbidity 
and mortality (i8 2 per cent) rates accompanied resections Yet these opeia- 
tions were earned out in the most difficult cases, in which the patients often 
were afflicted with other disease piocesses Healing of the fistula was obtained 
in 51 g pei cent of those who suivived lesection It is obviously unfair to 
compare these results with those following extiapentoneal closure, in which 
satisfactory 1 esults were obtained in foui of five cases Simple cui ettage was 
followed by healing in only six of 14 cases Inti apei itoneal closure, the most 
common proceduie, was attended by a mortality rate of 106 pei cent, and 
healing occurred in 64 3 pei cent The least satisfactory results followed the 
diveision operations, 111 most of which a second operation would have been 
required to effect a cure Yet the safet}'^ of the procedure (no deaths in ten 
cases) warrants its use in ceitain cases, m a few of which healing will occui 
without further inteifeience The remaining operations were performed m 
too few cases to justify any conclusions, but, in general, it may be said that, 
although healing occasionally followed diainage of an abscess 01 the removal of 
diseased pelvic organs, results were not as a rule satisfactory when the internal 
opening was not closed 

We attempted to determine whether there was any difference m results 
following entry into the abdomen through the old incision or a new one, 01 
following closure with or without diamage We were unable to correlate 
1 esults with any of these factors 

When the results weie considered m relation to the cause of the fistulae, 
it was found that satisfactory results were obtained m about 60 per cent of the 
cases m which the fistula followed appendicitis 01 diverticulitis, and in the mis- 
cellaneous group The least satisfactory results occurred in the tuberculous 
(31 3 per cent healed) and “malignant” (38 5 per cent healed) groups 
Healing was obtained m 47 4 per cent of the patients whose fistulae followed 
pelvic opei ations, and in 53 8 per cent of the cases with regional enteritis 
There were no deaths m the “malignant” group, chiefly because few extensive 
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procedures were earned out The mortality was 4 8 per cent m the "appendi- 
citis” group, II I pel cent in the "tuberculous” gioup, 133 per cent in the 
“regional enteiitis” group, 136 per cent in the "pelvic” group, 16 7 pei cent 
in the "diverticulitis” group, and 23 i pei cent m the miscellaneous group 
We weie unable to con elate opeiative results with the duration of the 
fistula before operation 


SUMMARY 

A review has been presented of 155 cases in which abnormal communica- 
tions between the small 01 large bowel and the surface of the body existed In 
128 of these cases operation was performed, with a mortality rate of 10 2 per 
cent Because of the risk and difficulty associated with opeiative inteifeience. 
every opportunity should be pi ovided to encourage spontaneous healing The 
nature of the fistula and the reason foi its persistence should be determined as 
accuiately as possible befoie operation There can be no standard method 
of operating upon fecal fistulae, each case piesenting a distinct problem of 
vai lable complexity 
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The intravenous method of administering glucose to surgical patients 
has become nearly univeisal and is frequently employed even when theie is 
no contraindication to the ingestion of food by mouth This is especially tiue 
in the preoperative prepaiation of the patient with extensive hepatic disease 
In fact, Soskin’- has recently stated that there is m these patients a “physiologic 
basis for intiavenous glucose therapy,” and has suggested that, with the intra- 
venous method, more glycogen can be laid down in the injured liver than 
when carbohydrate is given by mouth The widespiead use by clinicians of 
the intravenous method of administering glucose would appear to indicate 
acceptance of Soskm’s hypothesis Evidence which we have obtained from 
the dog and man undei a vaiiety of dietary conditions leads us to question 
the validity of this concept 

The physiologic basis of intravenous glucose therapy, m the presence of 
hepatic damage, has been given by Soskm as follows “A greater hyper- 
glycemia is necessary to suppress the supply of blood sugar and to favoi the 
deposition of glycogen in an acutely damaged livei than in a normal liver, 
however, when the blood sugar is raised to a sufficiently high level the damaged 
liver does respond like the normal, and ceases to supply blood sugai The 
benefit derived from this limitation m the activity of the livei may be regaided 
as equivalent to the favoi able therapeutic results obtained by limiting the 
activity of other damaged tissue and oigans in order to facilitate lepair 
the fact that many toxic substances are excreted as glycuronates suggests that 
excess stoiage of caibohydrate favors detoxication ” 

Most of the patients with biliary tract disease, now receiving intravenous 
glucose therapy, have a component of chronic hepatic injuiy which is of long- 
standing, and a lessei or gi eater degree of acute injury which is conditioned, 
as a rule, by infection or by an obstruction of the common bile duct, either from 
stone or malignancy There is considerable difference of opinion as to just 
how much damage a simple obstruction of the common bile duct can produce 
when previous hepatitis did not exist 

It has been geneially agreed that the glycogen content of the liver m the 

* The work on the dog was aided by a grant from Merck and Company 
Y The work on man was aided by a grant from the United Fruit Co 
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presence of bile duct obstruction is reduced ^ While the hvei , aciitel} dam- 
aged by a variety of hepatotoxic agents, rapidly loses glycogen, theie aie no 
data now available which conclusively prove that under conditions of an 
adequate diet, considerable amounts of glycogen cannot be laid down in a sub- 
acutely oi chiomcally injured liver 

It is now 27 years since Opie and Alfoid"* published then experiments, 
which indicated that a carbohydiate diet protected the liver horn injiuy by 
chloroform Shortly thereaftei Davis, Hall, and Whipple,^ and Graham'^ 
confiimed these findings In 1924, Moise and Smith' repoited that the diets 
used by these investigators did not consist of purified foodstuffs and that they 
were inadequate for maintaining the weight of normal animals These latter 
investigators found that a piotein diet was moi e efficacious than a carbohydrate 
diet in protecting the liver fiom the effects of chloiofoim 

Clinicians have attempted to increase the glycogen content of the hvei 
prior, and subsequent, to operation on the basis recently stated by Banks and 
Seals® that “abundance of hepatic glycogen forms the basis of the piotective 
and regenerative action of high carbohj''drate diets m liver necrosis ” Evi- 
dence obtained in this laboratoiy,® and since confiimed by other investigatois,^*^ 
seriously questions the frequently repeated statement that glycogen pe/ se plays 
a diiect idle in the piotection of the livei fiom injury by chlorofoun 

We^" have found that the addition of a sufficient amount of an adequate 
protein (casein) in the diet is the best method now available to 1 educe the 
degree and extent of the hepatic injury which follows the administration of 
certain hepatotoxic agents Piotein has a very marked hpotiopic action 
and the 1 eduction m the concentration of hvei lipid which follows the ingestion 
of piotein I educes the amount of the fat soluble hepatotoxic agents which can 
be held in the livei Moie impoitant, is our observation that ceitain piotems, 
01 their split-pi oducts, offer diiect piotection against substances such as chloro- 
form Miller, Ross, and Whipple^’- have recently published data obtained in 
the dog, M Inch suggest that “methionine and to a less extent C3'’stine given by 
mouth or by vein 24 to 55 horns before anesthesia give a lemarkable and 
almost complete protection to the protein-depleted dog against chloroform 
poisoning” Experiments lecently conducted in our laboiatoiy on the rat, 
fail to confirm these observations, in that, in this animal, methionine provided 
only a minoi degi ee of jn otection 

Messingei and Hawkins” have extended our obsei rations foi the}’' have 
shown that a high protein dietaiy protects the liver fiom arsphenamine ne- 
ciosis, and Smith” has shown that such a diet protects the liver fiom selenium 
poisoning and sulfanilamide hepatitis 

Notwithstanding such clear-cut data, most clinicians must still agree with 
Banks and Sears,® foi the intravenous injection of glucose still occupies an 
impoitant place in the therapy of the patient wuth biliar} tract disease, espe- 
cially of a surgical chaiacter 

In this communication, we wish to present evidence from the dog that, even 
if glycogen storage is useful in protecting the luer from injury, such stores 
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cannot be maintained over periods of tune by intravenous glucose therapy in 
amounts compai able to those commonly used m man The data from man are 
given merely to demonstiate that, even in the presence of extensive injury, 
glycogen can be deposited m the liver and low concentrations of liver lipid can 
be obtained The hvei specimens weie lemoved from patients undergoing 
operations for biliaiy tract disease under spinal anesthesia We have been 
able to obtain these sections without m any way affecting the course of conval- 
escence The data demonstrate a similar relationship to that we have reported 
for the dog 

Methods — The dogs used m this study weie glowing mongrels, in a good 
general nutritional state, and weighing from 8 to 12 Kg , when the study was 
begun Previous to opeiation they had been on a high fat diet for about two 
weeks The diets and analytic methods have been desciibed in previous 
papers 

The glucose was administered intravenously slowly as a 5 per cent solu- 
tion, eithei twice or thiee times daily Liver sections were removed for study 
approximately eight to ten hours after the completion of the last injection In 
the animals fed by mouth, either voluntarily or by forced feeding, tbe last food 
was given the dogs approximately 17 hours before removing a section of the 
hvei for study The diets used in man varied considerably, due to individual 
desires of the patient In addition to various foodstuffs, whicli were weighed 
befoie and after feeding, the patients received, at fiequent intervals, banana- 
skim-milk-shakes reenfoiced with “Casec ” A large poition of the additional 
protein was piovided as cottage cheese 

Results — Dogs which have been cholecystectomized, and whose common 
ducts have been ligated, so that no bile can flow into tbe intestine, rapidly lose 
their appetites When such animals weie offered food consisting of a mixture 
of table scraps 01 a synthetic diet, they ate from 25 to 125 Gm per day (Table 
I ) Upon such diets, in the amount ingested, the liver glycogen concentration 
decreased and the hvei lipid concentration increased 


Table I 




voluntary 

rCEDING — NO 

INTRAVENOUS GLUCOSE 





Initial 

Final 

Initial 

Pinal 


Dog No 

Days 

Glycogen 

Glycogen 

Fatty Acids 

Fatty Acids 

Dogs Ate 



Gm % 

Gm % 

Gm % 

Gm % 

Gm -Daily 

141 

8 


0 2 


11 8 

50-60 

123 

8 


0 3 


49 2 

2 S-S 0 

142 

14 


0 52 


13 S 

SO-80 

85 

7 

3 14 

2 90 

15 7 

20 9 

75-105 

21 

7 

I 80 

I 79 

18 2 

27 2 

55 -I 2 S 

22 

7 

2 IS 

I 75 

14 3 

17 4 

60-110 

S26 

7 

0 63 

0 83 

37 73 

22 80 

30-60 

828 

7 

3 02 

I 09 

9 17 

17 17 

25-60 

A\ erage 


2 IS 

I 18 

19 02 

22 49 



When, to similar animals, fed on similar diets, a 5 per cent solution of 
glucose was administered intravenously in amounts of at least 50 cc per Kg 
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of body weight, the original mean glycogen concentration was maintained and 
the Iipid concentration decreased by approximately 20 per cent (Table II) 

Table II 


VOLUNTARY FEEDING PLUS INTRA% ENOUS GLUCOSE 




Initial 

Final 

Initial 

Final 


Dog No 

Days 

Glycogen 

Glycogen 

Fatty Acids 

Fatty Acids 

Dogs Ate 



Gm % 

Gm % 

Gm % 

Gm % 

Gm -daily 

53 

14 

3 r 

2 8 

II 5 

14 8 

30-60 

54 

14 

4 4 

3 7 

9 4 

II 3 

30-60 

27 

10 

2 4 

3 9 

52 2 

44 4 

30-60 

122 

5 

0 91 

2 34 

25 45 

13 30 

SS-iSS 

223 

5 

0 82 

2 62 

19 10 

14 98 

SS-180 

257 

5 

I 78 

2 60 

17 25 

26 10 

80-125 

226 

5 

2 09 

I 82 

22 10 

14 28 

50-75 

12 

7 

I 44 

I 41 

IS 3 

14 3 

30-50 

647 

7 

2 23 

2 23 

21 6 

13 2S 

50-100 

539 

7 

3 69 

2 06 

32 20 

12 44 

25-100 

641 

7 

I 66 

I 55 

55 80 

47 00 

35-50 

Average 


2 23 

2 46 

25 63 

20 S6 


In a third 

group of dogs appetite w'as 

stimulated 

by the administration of 

thiamin chlonde, and desiccated bile w'as administered by mouth These dogs 

ate from 60 to 405 Gm of the diet each day and, m 

addition, leceived 50 cc 

of a 5 per cent solution of glucose intravenously In such dogs the 

mean m- 

crease in livei 

glycogen w as 84 per cent, and the liver lipid decreased approxi- 

mately 20 per cent (Table III) 








Table III 





GOOD APPETITE PLUS INTRAVENOUS GLUCOSE 
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Dog No 

Days 

Glycogen 

Glycogen 

Fatty Acids 
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Gm % 
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81 

12 
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6 I 
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86 

14 

2 20 

3 80 

28 0 

IS 2 

80-190 

88 

II 

2 so 

3 90 

28 0 

14 9 

80-130 

104 

X 4 

2 so 

6 30 

16 0 

13 9 

80-255 

lOS 

14 

2 60 

7 10 

i6 7 

28 2 

80-205 

22 

10 

I 6 

6 3 

22 7 

9 2 

85-130 

24 

10 

2 I 

5 4 

49 0 

14 6 

105-130 

48 

X 4 

4 9 

8 2 

13 9 

7 7 

230-400 

107 

12 

3 I 

7 6 

26 6 

16 3 

80-405 

648 

7 

3 05 

3 04 

27 4 

11 5 

75-200 

675 

7 

I 32 

3 84 

24 4 

17 2 

90-255 

534 

7 

2 36 

3 96 

IS ss 

16 3 

150-185 

642 

7 

I 9 

3 4 

12 42 

9 21 

100-205 

438 

7 

2 27 

3 2 

57 7 

34 2 

150-200 

304 

7 

2 73 

4 S8 

21 20 

9 40 

8S-I80 

310 

7 

4 07 

4 20 

17 40 

II 68 

85-130 

30s 

7 

2 36 

I 08 

19 6s 

16 25 

65-130 

303 

7 

2 94 

3 42 

14 25 

9 25 

80-135 

309 

7 

3 39 

4 34 

25 6s 

19 28 

80-180 

A\ erage 


2 57 

4 72 

25 12 

19 49 



When forced feeding was instituted the situation w as even more striking 
The dogs, whose data are gnen m Table IV, were fed with a carbohydrate- 
protein mixture consisting of 80 per cent of the calories as a carbohydrate, 
and 20 per cent of the calories as protein (casein) No glucose w'as given 
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intravenously, but the dogs received approximately 88 calories per Kg of 
body weight per day The mean increase in the concenti ation of liver glycogen 
was 236 per cent, and the decrease 111 liver lipid 73 pei cent 

Tablc IV 


FORCED FEEDING — ^NO INTRAVENOUS GLUCOSE* 




Initial 

Final 

Initial 

Final 

Dog No 

Days 

Glycogen 

Glycogen 

Fatty Acids 

Fatty Acids 



Gm % 

Gm % 

Gm % 

Gm % 

112 

14 


4 08 


12 I 

40 

7 

2 4 

14 9 

II I 

4 8 

78 

7 

1 I 

7 0 

48 7 

27 8 

31 

7 

I 4 

II 4 

16 4 

7 0 

33 

7 

I S 

7 4 

27 I 

II 0 

3S 

7 

3 3 

8 3 

10 3 

7 4 

36 

7 

I 4 

3 6 

16 8 

23 7 

39 

7 

2 I 

12 0 

19 8 

9 9 

821 

7 

2 8 

4 97 

38 3 

18 8 

48 

14 

4 9 

8 2 

13 9 

7 7 

Average 


2 3 

7 77 

22 5 

13 0 


* Eighty-eight calories per Kg per day 


In contiadistmction to data, such as these, aie those obtained when simi- 
larly prepared dogs were given glucose intravenously, without any food by 
mouth (Table V) Such animals were gnren 50 cc of a 5 per cent solution 
of glucose pel Kg of body weight, or more, during each 24 houis In such 
animals, the glycogen concentration deci eased by 50 pei cent and the liver 
lipid concentration remained unchanged 


Table V 




INTRAVENOUS 

GLUCOSE ONLI* 





Imtial 

Final 

Initial 

Final 

Dog No 

Days 

Glycogen 

Glycogen 

Fatty Acids 

Fatty Acids 



Gm % 

Gm % 

Gm % 

Gm % 

22 

7 

2 13 

I 7S 

14 3 

17 4 

50 

8 

I 8 

0 2 

22 I 

20 8 

178 

S 

I 21 

2 90 

40 52 

42 75 

224 

S 

I 53 

0 39 

53 8S 

33 30 

172 

8 

I 80 

2 38 

14 88 

IS 06 

I7S 

8 

I 23 

0 SO 

13 34 

16 30 

307 

7 

4 S9 

0 42 

19 27 

24 08 

176 

S 

I 31 

0 45 

47 40 

41 02 

312 

7 

2 06 

0 93 

17 77 

14 14 

817 

7 

I 40 

0 06 

34 95 

24 30 

14 

7 

0 96 

0 08 

22 7 

28 10 

IS 

7 

I 61 

0 54 

12 8 

16 00 

643 

7 

2 06 

0 62 

II 81 

15 20 

672 

7 

0 II 

I 18 

57 8 

46 20 

673 

7 

2 II 

I 25 

20 10 

16 40 

674 

7 

I 68 

0 63 

27 4 

17 20 

S28 

7 

2 IS 

I 86 

12 77 

19 17 

S32 

7 

2 44 

0 21 

II 07 

13 24 

441 

7 

0 S3 

0 9 

23 9 

48 8 

443 

7 

2 S4 

0 66 

II 4 

32 9 

447 

7 

2 38 

0 45 

14 2 

30 4 

448 

7 

2 93 

I 3 

14 6 

20 6 

449 

7 

0 94 

0 63 

14 8 

IS 3 

Average 


I 78 

0 88 

23 21 

24 29 


* 50 cc of s per cent solution of glucose per Kg of body u eight 
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In Table VI are given some data on the concentration of glycogen and 
lipid in the livei of man with biliary tract disease, at the time of cehotom}^ 
under spinal anesthesia They demonstrate that an adequate diet m man, foi 
at least one week prioi to opeiation, conditions the composition of the luei 
In no instance have we found a high lipid concentration of the livei following 
what we have considei ed an adequate feeding period 


Table VI 

Immediate Operation 
(Within 3 days of Admission) 


5 Days or More Preoperati\ e Diet of 
2SOO Calories or ^lore — 20% P, 6 % T 




Pre 







— 






Pre- 

hosp 





Patty 

Gl>- 




I attj 

Gl>- 

Disease 

hosp 

Appe- 




Liver 

Acid 

coten 



Liver 

Acid 

cogen 

Duration 

Diet 

tite 

Weight 

Pt 

Se\ 

Pathology 

% 

% 

Pt 

Sex 

Pathology 

0 - 

/o 

cr 

70 

Chronic 

Low fat 

Mod 

Obese 

Sh 

r 

Chronic 

ir 8 

2 Q 

Br 

r 

Chronic 

2 9 

3 4 



erate 




hepatitis 





hepatitis, 









Marked 





with 









fatty in 
filtration 





cirrhosis 



Common 

Low fat 

Hearty 

Obese 

Tr 

r 

Chronic 

IS 4 

2 9 

Sk 

r 

Chronic 

3 7 

6 7 

duct ob- 






hepatitis 





hepatitis, 



struction 






Extensive 





with 









fatty in- 
filtration 





cirrhosis 



Acute — 

Low fat 

Mod- 

Obese 

Sc 

M 

Extensive 

7 9 

2 2 

Sk 

M 

Chronic 

3 4 

3 I 

3 mos 


erate 




chronic 





hepatitis. 









hepatitis. 





with 









with 
fatty in- 
filtration 





cirrhosis 



Chrome — 

Unre- 

Hearty 

Obese 

Bu 

r 

Chronic 

II 0 

3 I 

Ki 

r 

Chronic 

4 I 

3 2 

2 jrs 

stricted 





hepatitis, 





hepatitis, 









with very 





with 









extensixe 





mild 









fatty in- 
filtration 





cirrhosis 




Discussion — ^The data, piesented m this communication, stiongly support 
the concept that the amount of glycogen piesent in the hvei, at any given 
period, depends to a large extent upon the amount of carbohydrate, oi caibo- 
hydrate-foi ming substances available to the animal or patient If, as we doubt, 
any great virtue, in itself, lies in obtaining a high concentration of hepatic 
glycogen, this can be obtained only by supplying a sufficient number of calories 
during the peiiod of therapy 

The increasing tendency to place moie and more emphasis on the greater 
value of inti avenously injected glucose is fraught with the giavest of danger, 
for, as this is done, less emphasis is placed upon the administration of food- 
stuffs by mouth It can be stated, with considerable confidence, that unless 
more calories are piovided than are necessarj^ to meet the energ} lequiiements 
of the animal, or man, by diet oi intravenous theiapy, gl}crgen or protein 
will not be laid down in the liver 

It IS impossible to supply sufficient calories for the energ} requirements of 
man by any method of intravenous therapy now available The usual program 
in this country is to administer to these patients 3 000 cc of a 5 per cent solu- 
tion of glucose every 24 hours This provides but 600 calories fiom an 
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exogenous source, less than one-third of those needed by these patients for 
simple eneigy requiiements Even if the concentration is doubled, and this 
cannot be done for long periods, because thrombosis of veins occurs moie 
readily and the lenal spilling of glucose is encouraged, the caloric intake is 
still below that necessary to prevent extensive tissue destruction Under such 
circumstances, foodstuffs cannot be more than temporarily stored in the liver 
for they must again be mobilized i apidly to meet the metabolic demands of the 
body 

A program of this type will constantly result in a demand upon the pa- 
tient’s tissues m ordei that the energy requirements of the patient be met 
Such a circumstance regularly occuis in most hospitals, and the loss of weight 
which nearly every one of these patients undergoes is an expression of the 
extent to which food intake has failed to meet the energy requirements 

If the premises advanced by Goldschmidt, Vars, and Ravdin® are correct, 
the value of adequate protein in diet in the prevention of liver injury should 
1 apidly be recognized Not only does adequate protein m the diet protect the 
liver from a variety of hepatotoxic agents through some inherent propeities 
of the foodstuff itself, but as Johnson, Ravdin, Vars, and ZinteE^ have shown, 
protein is moie efficient in the presence of ductal obstruction in reducing the 
concentration of hepatic hpid than is carbohydrate Finally, if repair is to be 
facilitated, piotem must be available, for regeneration cannot readily take 
place on carbohydrate alone, especially when the protein stores of the body 
have been depleted by undernutntion When repair does take place, follow- 
ing intravenous glucose therapy, the tissues of the body must supply the pro- 
tein necessary for cellular regeneiation 

The data of Banks and Sears® suggest that when equivalent amounts of 
glucose are given by mouth and intravenously, glucose “was slightly more 
efficacious by vein than by mouth in raising the glycogen content of the liver 
in dogs with obstructive jaundice ” They pointed out, however, that “a 
caloric intake consisting entiiely of dextiose and adequate to meet the daily 
eneigy requirements of the dog, was less productive of hepatic glycogen than 
a general diet with supplemental y dextrose theiapy ” 

It is our belief that adequate amounts of glucose, administered just prior 
to operation, may, m part, be deposited m the liver, but that such glucose will 
neither protect the liver from injury nor facilitate lepair Only by a fuller 
knowledge of the energy requirements of man, of the foodstuffs essential to 
meet these, and of the pait which they may play in conditioning injury and 
promoting repair, can we piepare patients with hepatic injury satisfactorily 
for operation and convalescence 
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TORSION OF THE GREAT OMENTUM* 

KEFORT OF TWO CASES 

Philip J Lipsett, M D 
Oakland, Calif 

FBOM THE DEPABTMENT OF SDBOFBi UVD EBSITl OF CAUF08VIA IfBDICAL SCHOOL SAV FRANCISCO CALIF 

Torsion, oi twisting of the omentum on its long axis, has been recog- 
nized foi a long time as a rare clinical entity although the diagnosis of this 
condition has seldom been made before operation 

Aimes^ credited Marchette with the report of the first case of torsion of 
the omentum, m 1851 , Oberst,^® however, was the fiist to recoid this condi- 
tion, m 1882 Demons® reported another case, m 1893 In each of these two 
cases, a right inguinal hernia acted as a predisposing factoi EiteP (1899) 
was the fiist to report a case of omental torsion unassociated with a hernia 
Since that time many lepoits have appeared in the literature, notably that by 
Cornel and Pinches,® which collated 54 cases up to 1905 (including thiee 
of then own), and that by Morris,^’' in 1932, in which 161 authentic cases of 
torsion of the omentum, fiom 1905 to 1930, weie compiled, and three per- 
sonal cases were added His own senes and that of Cornei and Pinches 
permitted Moms to make caieful analysis of this condition The lesults of 
this study show that, while toision of the omentum may occur at any age, it 
occurs most frequently between the ages of 30 and 50 (83 cases, 52 5 per 
cent) , that males are more commonly affected than females in a ratio of two 
to one, and that the condition is associated with inguinal hernia (89 per cent 
in Coiner and Pinches’s senes, and 503 per cent in Morris’s) The analysis 
of Morris’s cases fuither emphasized the facts that the herniae weie of the 
right inguinal variety, were scrotal m type, of long duration, easily reducible, 
and that they almost invariably contained omentum 

McWhortei,^® in 1928, reported 26 cases (including two of his own) of 
torsion of the omentum of the so-called idiopathic type, that is, cases arising 
within the peritoneal cavity, not associated with hernia, m which the causa- 
tive factors were obscure 

The senes reported here consists of the 16 cases reported m sufficient 
detail for analysis, since 1932, with two additional cases not previously re- 
ported (Farr and Bachman) 

The classification offered by Morns is simple, though comprehensive, and 
facilitates the study and undei standing of this condition 

(A) Complete Torsion 

(i) Acute torsion with hernia 

(a) Hernial 

(b) Hernial and abdominal (combined) 
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(2) Acute toision without heinia (puiely abdominal) 

(a) Piimaiy oi idiopathic (unipolar) 

(b) Secondaiy (umpolai and bipolai) 

(B) Incomplete Toision 

(1) With beinia 

(a) Heinial 

(b) Combined 

(2) Without beinia 

(a) Piimaiy 

(b) Secondaiy 


Fan and Bacbman^^ 
Beigquist^ 

Poling-^ 


7 cases 
2 cases 
I case 

Total 


Lucca^'' 

Baisky and Scbwaitz^ 

D’Enico^o 

16 


2 cases 
2 cases 
2 cases 


Undei this classification, it is undei stood that the terms “complete” and 
“incomplete” lefei to the degree of toision, complete toision signifying cases 
111 which the twisting of the omentum on its axis has caused sufficient mtei- 
feience m circulation to pioduce evidence of strangulation m the affected pait 
of the omentum 

It is claimed that incomplete toision may be of the “lecuiimg” type, and 
that it IS a definite clinical entity which can be recognized as such Patients 
suffeimg fiom lecuumg abdominal pain may have temporal y twists of the 
omentum The “omental ball” and the omental fibiotic thickenings occasion- 
ally found, result fiom these lecurnng attacks of incomplete toision of the 
omentum The chionic changes occasionally found m the omentum in acute 
omental toisions seem to substantiate the occurrence of the lecurrmg type of 
incomplete torsion The case lepoited by Baisky and Schwaitz,- foi exam- 
ple, points strongly towaid this possibility A child, five yeais of age, had 
a histoiy of fiequent “colic” and, at opeiation for acute toision, the omentum 
showed definite fibrotic changes 

Most c^ses of torsion aie associated with hernia, a certain number, how- 
ever, aie caused by inflammatory foci within the abdominal cavity, which 
produce an inflammation m the neighboiing omentum by contiguity This 
may be true in cases of mild or subsiding appendicitis oi cholecystitis m which 
the oiiginal focus subsides, but the changes induced m the omentum persist 
The presence of a hernia containing omentum may eventually produce changes 
in the latter by means of constrictions or twisting of the pedicle m the neck 
of the heinia causing thickenings in the poition of the omentum within the 
sac Thus a pathologic locus in the omentum is instituted 

Etiologic factors of toision have also been traced by some (Robinson^-), 
to the function asci ibed to the omentum, that of “the policeman of the belly ” 
It has been assumed by many that the omentum plugs up a perfoiation m a 
hollow viscus, and wraps itself aiound or attaches itself to an inflammatory 
focus 111 an attempt to wall-off the lest of the peritoneal cavity This view 
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was flatly contradicted by the studies of Draper and Johnson/’® whose critical 
review of the literatuie and of expeiiments conducted to clear up these points 
led them to believe that the only function of the omentum is bactericidal and 
absoiptive, and that it possesses no automotive or ameboid characteristics of 
negative or positive chemotaxis 

According to Draper and Johnson, only in the quadruped has the omen- 
tum any definite function It serves as a fat pad betAveen the viscera and the 
hard abdominal muscles, and as a storage place for fat during the lush feed- 
ing period In man, it is a vestigial organ, variable in size and shape Some 
persons have an omentum so small that it is haid to conceive its possessing 
any function at all Any apparent protective powers displayed by the omen- 
tum aie purely accidental in nature The authoi is inclined to accept this 
view for, were the omentum to possess a function, it would gam a more 
definite place m pathology Pathologic conditions of the omentum are com- 
paratively lare and aie associated in the gieat majoiity of cases with in- 
guinal hernia oi some othei mtra-abdominal pathologic change 

The more acceptable predisposing causes, m the idiopathic type of toi- 
sion, are anatomic and physiologic in nature The omentum is vaiiable in 
size and deposition of fat It may be in the form of an apion, with irregulai 
deposits of fat, or may be composed of several fat-laden strings The right 
side of this structure is usually lower than the left and may leach into the 
pelvis There may be accessory omental lobules of moderate size attached 
to the border of the mam omentum 

In addition to being the seat of more frequent pathologic processes, the 
lower right quadrant is also the place of greater physiologic activity, intes- 
tinal peristalsis and changes m intra-abdominal pressure tend toward the 
right side This seems to be borne out by the significant findings of Bern- 
stein^ “That, in spite of ovarian tumors occurring with almost equal fre- 
quency on both sides, yet torsion of these is twice as frequent on the right 
as on the left side ” This impression is further strengthened by the fact that 
almost all cases of torsion are found in the right half of the abdomen, espe- 
cially in the lower right quadrant 

Payr-® offered another explanation for the occurrence of the abdominal 
type of torsion on the basis of the fact that the omental veins are more tor- 
tuous and more easily compressed than the arteries According to him, en- 
gorgement of the tortuous veins may cause a partial or complete torsion of 
the omentum Other factors then enter — the degree of twist, interference 
Avith the circulation beyond it, the anatomy of the omentum, or possibly a 
pathologic condition of the omentum itself Recovery may ensue or the 
process may go on to complete atrophy or gangrene Cases have been re- 
ported m which the omental tumor thus produced, became parasitic through 
its attachment to other viscera 

Contributory factors mentioned in the literature, such as trauma to the 
abdominal wall, coughing, efforts at lifting, bicycle racing, hard labor, inges- 
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tion of heavy meals, violent purgation, or the taxis of hernia, probably act td 
complete an existing process of incomplete torsion The conclusion may rea- 
sonably be reached that, m the greatest percentage of cases associated with 
henna, the easily reducible portion of the omentum within a hernial sac under- 
goes inflammatoiy changes, the pedicle is gradually thmned-out and the re- 
peated tiavehng of the herniated portion of the omentum m and out of the 
sac leads to torsion, incomplete until some sudden physical effort on the part 
of the patient influences factors within the abdomen to pioduce complete 
acute torsion In two-thirds of the cases, the presence of a heinia is the pre- 
disposing cause 

According to Moms, the right side is more often affected because of these 
two factors (i) The right side of the abdomen is the seat of more frequent 
pathologic processes, cholecystitis, gastiic and duodenal ulcers, and especially 
appendicitis (2) The omentum, lying in proximity to these, becomes second- 
arily involved and very often fixed to an inflammatory process Thus an in- 
flammatory condition favoimg torsion is established in the omentum If a 
point of fixation is produced, bipolar torsion may result 

It IS more difficult to explain the idiopathic variety of torsion in which 
no discernible intra-abdominal conditions predisposing to torsion are found 
The fact that torsion of the omentum has occuried m well-developed obese 
persons would lead one to suspect that the omentum was loaded with fat, the 
edge of the apron being more heavily laden than the rest, thus seiving as a 
weight on a plumb-line, with the constant peristaltic action of the intestines 
favoring torsion The rest of the mechanism has been discussed above It is 
quite possible that venous toituosity, as noted by Payr, is mstiumental in 
initiating the process in these stout persons, causing mechanical changes in 
the omentum beyond a point of free lymphatic and venous ciiculation One 
questions this mechanism as being the majoi cause in idiopathic torsion, foi, 
were this factor alone operative, many moie cases of intra-abdominal torsion 
would be recorded instead of 1 1 per cent in Corner and Pinches’s series, 47 8 
per cent in Moriis’s, and 878 per cent in this series of 18 cases In the ab- 
sence of function of the omentum, a likely explanation of idiopathic torsion is 
offered in the statement credited by Fuller^- to Reidel, namely, that no tor- 
sion would occur were the omentum free from pathologic change How this 
pathologic change m the omentum is produced still needs clarification Per- 
haps the cause lies in internal heinial openings operating to produce an 
“omental ball,” or changes in the omentum, produced by the mtra-abdominal 
pathologic processes discussed above These leave no gioss evidence in the 
organ itself but give rise to sufficient alteiation in the omentum to serve as 
the initial point for torsion under favoiable circumstances 

A careful analysis of the ii cases of the purely intra-abdominal type m 
this series, fails to reveal any explanation for the condition It is true that 
in none of these were observations made seeking the cause Morris’s study 
also failed to bring forth any more definite explanation for this type of tor- 
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Sion The immediate causes for the torsion were asciibed to vaiious physical 
effoits (dancing, lifting a heavy weight, etc ) Only two patients in this 
series gave a histoiy of any possible antecedent cause, in one the torsion 
followed the ingestion of a heaity meal, m the othei, it occurred while the 
patient was diiving an automobile (Farr's case) The etiology of idiopathic 
torsion of the omentum is still obscure in spite of oui greater clinical knowl- 
edge and better understanding of this condition 

BEPORT OP TWO CASES 

Case I * — C S , a waiter, age 37, was admitted to the hospital, August 8, 1932, with 
the diagnosis of incarcerated hernia The patient had had a right inguinal, reducible, 
scrotal hernia for 14 years The hernia became irreducible on August 24, 1932 (four 
days prior to admission), and the patient developed symptoms of urgency and frequency 
of urination, soreness along Poupart’s ligament, and swelling and induration of the 
right testicle The patient had not had a bowel movement for the four days prior to admis- 
sion but showed no signs or symptoms of intestinal obstruction 

Physical Exaumiatioii — The patient was a well-developed, well-nourished male 
There was no tenderness or rigidity of the abdomen, and no abdominal masses were 
noted except a tender bulge, about 5 cm from the right external inguinal ring to a 
point above Poupart’s ligament The right scrotum was filled with a sensitive mass, 
3 cm in diameter The testicle was felt as a separate mass and was three times larger 
than the left No varicocele or hydrocele was noted on either side No diagnosis was 
made prior to operation 

Opeiahon — September i, 1932 The sac was found to contain omentum only The 
abdominal portion of the omentum was found to be gangrenous and twisted six times on 
Its axis The omentum was removed as high as the transverse colon Following the 
operation, the patient developed paralytic ileus and bronchopneumonia, and expired 
September 5, 1932 

Comment — This case comes under the classification of acute toision, 
hernial and abdominal, bipolar 

Case 2 — G, a carpenter, age 36. was seen, December 18, 1936, because of an 
acute intra-abdominal condition He had always been well and had had no previous 
operations Three years previously, the patient had developed a right, incomplete inguinal 
hernia He had been told at that time that he also had a large left inguinal ring He 
had worn a truss for the three years and had no reappearance of the “lump” at the right 
external ring for the past two years, in spite of the fact that he had left off the truss 
on sereral occasions, for days at a time, while engaged in heavj' work as a carpenter 
on construction jobs 

On December 16, 1936, after a heavy meal of corned beef and cabbage, the patient 
was awakened in the middle of the night by cramps in the upper abdominal region 
He vomited a slight amount once, but the pain was not relieved The patient slept com- 
fortably the rest of the night but had chilly sensations in the morning The upper ab- 
dominal pain became steady and dull in character Attempts at eating resulted in an 
increase m the pain, w'lthout vomiting or nausea In spite of the persistence of pain 
he had a full meal that evening and a heartj breakfast the next morning During the 
next two daj's the pain recurred but was somewhat less w'hen the patient lay down 

* This case was the only instance of torsion of the omentum which w’as recorded at 
the San Francisco Hospital, University of California Service, betw'een the jears 1919 and 
1937 This is reported through the courtesy of Dr Harold Brunn, Chief of the Univer- 
sity of California Surgical Service at the San Francisco Hospital 
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Sleep was disturbed during this peiiod On the third day, the pain shifted from the 
upper abdomen to the right lower quadrant, and all the tenderness and soreness in the 
upper abdomen disappeared Sodium bicarbonate, by mouth, gave him no relief An 
enema made him feel worse At no time did he have any belching, distention or local 
tenderness 

Physical E\ainmatwn — The patient was a very robust, well-developed male, who 
looked chronically ill The heart and lungs were normal There was moderate rigidity 
of the entile right side of the abdomen, with tenderness to the right of the umbilicus 
and some slight rebound tenderness in the lower quadrant No masses were felt in the 
abdomen or on rectal examination The red cell count was normal The white cell 
count was 6,500, with 87 per cent polymorphonuclear cells 

An exploratory celiotomy, with the possibility of acute appendicitis in mind, but 
with no diagnosis haring been made, was performed December 19, 1936 The age of 
the patient, the blood count, and the entire course of the attack during the three days 
prior to the operation did not conform to any of clinical entities considered Torsion of 
the omentum was not even thought of 

Opciaiioti — A slightly injected appendix was found The omentum consisted of flat 
semigangrenous tissue, two by three inches in size, suspended by a pedicle which was 
twisted on its axis five times There was no free fluid The mass was removed Further 
exploration of the peritoneal cavity revealed no apparent cause for the torsion The 
patient made an uneventful recovery 

Comment — In spite of the histoiy of henna of the right side, we felt that 
it did not cause the torsion The henna was not of the complete leducible 
type There had been no evidence of it for the two yeais prior to the occui- 
rence of toision Yet the possibility that the hernia initiated the pathologic 
process in the omentum could not be ignored 

A comparison of the findings in three series of cases (Coiner and Pinches, 
53 cases, Morns, 164 cases, and the present study of 18 cases) is of interest 
Our senes beais out Morris’s findings (in his own series and that of Coiner 
and Pinches’s) that torsion of the omentum occurs twice as frequently in men 
as it does m women Inguinal heinia as the mam etiologic factor, however, 
has lost its importance It was considered to be the cause of torsion m 89 
per cent of the cases reviewed by Corner and Pinches, and in 50 3 per cent 
of Moriis’s series, but 111 only 22 2 per cent of the present senes With more 
frequent and earlier attention to hernia, this type of torsion has diminished 
The age at which torsion occurs has not changed materially A history of 
previous symptoms suggesting the possibility of recuiring torsion was present 
in 16 cases in the first series, 27 cases in the second, and in two in the pies- 
ent study None was more than suggestive, but a history of sudden severe 
muscular effort, a sharp blow on the abdomen, an abrupt movement involv- 
ing changes in intra-abdominal pressure, or a hearty meal, was present 111 a 
sufficient number of cases to point to these as exciting causes m torsion The 
sudden onset of pain in the right side of the abdomen was a constant finding 

The diffeiential diagnosis of acute toision of the omentum, either hernial 
or idiopathic, is difficult and has seldom been made before operation On the 
other hand, almost every variety of acute intia-abdominal condition has been 
mistaken for torsion — intestinal obstruction, tubeiculosis of the cecum, torsion 
of the spermatic cord, perforated peptic ulcer, etc There are, perhaps, more 
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suggestive diagnostic features in the hernial type than in the abdominal Ac- 
cording to Moiris, the sequence of events m torsion associated with hernia is 
somewhat as follows The patient, an obese man, of about middle age, who 
has had a reducible, complete, right inguinal hernia for a long time, suddenly 
— usually after severe musculai strain — finds the hernia irreducible Pain 
and swelling appeal in the hernial site Nausea and vomiting are present, 
and an increase in pain develops The pain giadually ascends into the abdo- 
men and becomes localized in the right lower quadrant, oi at the right side 
of the umbilicus The patient’s condition becomes pi ogressively worse, ab- 
dominal rigidity and tenderness appear and a movable abdominal mass can 
be palpated There is a slight elevation of tempeiature, and leukocytosis may 
be evident The usual diagnosis is strangulated hernia, but the possibility 
of acute appendicitis cannot be ignored At operation, gangrenous omentum 
IS usually found in the hernial sac 

The abdominal, or idiopathic type of torsion, is even more baffling Of 
the SIX abdominal cases reported by Corner and Pinches, five were diagnosed 
as acute appendicitis and one as suppuiative omental hydatid cyst These 
authors credit Lucas-Champonmere with the first reports of two cases cor- 
rectly diagnosed before operation (1900, 1901) McWhorter, in a collection 
of 26 cases of the abdominal type, recorded no correct diagnosis, except 
Lucas-Champonniere’s Morris recorded only three correct diagnoses m cases 
of the idiopathic variety In none of the present senes was the correct diag- 
nosis made before operation 

The simulation of acute appendicitis and acute cholecystitis, by torsion, is 
such that it IS most often mistaken for one or the other of these conditions 
(over 75 per cent of cases of torsion were so diagnosed) The diagnosis of 
acute appendicitis was made twice as often as that of acute cholecystitis This 
was especially true in the idiopathic type The attempt by Smythe, Jeffries, 
and Mullen^® to differentiate between torsion and acute appendicitis accord- 
ing to individual symptoms is not helpful As pointed out by Morns, his 
largest series did not conform to the clinical picture of torsion as obtained by 
the foregoing authors Morris, further, makes the point that no clinical symp- 
tom m appendicitis or torsion is specific The present study tends to substan- 
tiate the opinion that it is almost impossible to differentiate torsion from acute 
appendicitis by means of a consideration of the rise in temperature, pulse rate, 
the blood count, or the presence of nausea and vomiting A presumptive 
diagnosis of torsion may be made, however, when a robust man, in the third, 
fourth, or fifth decade of life, is suddenly seized with abdominal pain after a 
severe muscular effort or strain, and when, upon examination, a mobile mass 
IS suspected or definitely felt to the right of the umbilicus Mullen and Smythe 
attest the early appearance of such a mass, its mobility, its situation toward 
the midline, and the percussion of an area of resonance toward its one side 
The fact was also emphasized that the symptoms in acute torsion are not so 
severe 01 so prostrating as they are m acute appendicitis This explains the 
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longer delay m seeking medical attention In the piesent senes, the average 
mteival between the onset of symptoms and suigery was two days 

One patient had had symptoms foi two months A diagnosis of acute 
cholecystitis was made but celiotomy disclosed a gangienous omentum 
Similar findings weie piesent m a case of only a few horns’ duiation The 
pathologic changes found at operation, such as hemorrhage or gangiene, de- 
pend on the degiee of sti angulation of the omentum A serous oi bloody 
exudate is piesent, and the piesence of fluid may sometimes be elicited before 
operation The finding of fibiotic changes m the involved portion of the 
omentum is indicative of a lecuirent type The number of twists (fiom thiee 
to 1 1 ) found in some of these cases is suggestive of a slow process of toi sion, 
until the circulation of the omentum is compiomised, when all the leflex phe- 
nomena express themselves as the symptoms described above 

Both Coiner and Pinches, and Moms, stiessed the possibility of a com- 
bined foim of torsion in those cases in which the neck of the sac shows no 
consti ictioii and the twisting extends into the abdomen A hei mocehotomy 
is necessary m these 

The various hypotheses as to the role played by anatomy and physiology 
of the omentum in the pathogenesis of toision has already been consideied 
Very little actual information is recorded in the reports of cases of the abdom- 
inal type of torsion which might help m the understanding of the pathogenesis 
of this condition Yet, a thorough exploration in these cases would probably 
discover possible causes for torsion A plea is made for obtaining more com- 
plete data in the idiopathic type of torsion, noting especially the following 

(1) Hernial openings, external or internal, which might opeiate m the 
production of pathologic changes in the omentum 

(2) Inflammatory foci, acute, chronic or healed, wdnch might explain ini- 
tial changes in the omentum 

(3) Peculiarities in the anatomy of the omentum which might favor 
torsion 

(4) Other abnormalities which might serve to explain the occuirence of 
torsion 

Surgery is the only treatment Recovery is the rule unless complications 
set in 

SUMMARY 

(1) Sixteen cases of torsion are review^ed, and two additional cases are 
repoi ted 

(2) An analysis of the hitherto reported cases is made 

(3) Emphasis is laid upon the increasing number of the idiopathic variety 
of torsion Attention is called to the moie common occurrence of torsion 
in the right half of the abdomen 

(4) Diagnostic points are stressed 

(5) A plea is made for moie accurate observation and study of these 
cases 
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RIGHT PARADUODENAL HERNIA 
H D Cogswell, M D , and C A Thomas, AI D 

Whiting, Ind 

A PARADUODENAL HERNIA IS a Condition in which most of all the small 
intestine is incaiceiated behind the folds of the mesocolon, making its en- 
tiance m the aiea of the duodenojejunal junction This type of henna comes 
undei the classification of an mteinal oi i eti operitoneal hernia and com prises 
53 pel cent of all the intenialjieiniae found Two types occur (i) Right 
paiaduo'dehanieinia, and (2) left paiaduodenal henna The lattei is the 
more common, the latio being about three to one Theie have been 47 cases 
of right paiaduodenal henna lepoited, opeiation having been peifoimed in 28 
instances, with 15 recoveries 

The following conditions aie usually found m a light paiaduodenal hernia 
(AloymhaiP”) (i) The sac occupies the right half of the abdominal cavity, 
lying behind the ascending and transveise mesocolon, (2) the onfice is situ- 
ated to the left of the sac, and (3) m the antenoi margin of the sac, there lies 
eithei the supenoi mesentenc arteiy or a continuation of it, the ileocolic 
artery 

The case heiewith repoited is of mteiest because of its rarity and the un- 
usual anatomic deiangement associated with the henna 

Case Report — A female, age 49, was admitted to the hospital, September 17, 1939, 
complaining of vomiting, abdominal pain, and distention The patient did not speak 
English and her history was obtained with difficulty through a Spanish interpreter She 
stated that since the age of one year she had had “stomach trouble” consisting of attacks 
of abdominal pain with distention and occasional vomiting and diarrhea These attacks 
were irregular but occurred at least once every three months In 1929, she was told by 
a physician that she had an ulcer of the stomach She followed a modified Sippy diet 
for a short time without impiovement She had observed that the severity and duration 
of the paroxysms were diminished on lying down Every attack had been precipitated 
while she was on her feet Food idiosyncrasies appaiently had nothing to do wuth the 
onset of her periods of illness as she had been incapacitated at times when she had not 
eaten September i, 1939, the patient began having pain in the lo\ver abdomen which 
soon radiated to her epigastrium and was accompanied by vomiting This lasted six 
hours and w'as relieved following an enema A diarrhea developed following this episode 
but rapidly subsided The stools had a normal color The patient had never menstruated, 
had been married 25 jears, and had never been pregnant She stated that she had had 
heart trouble, but the historj of this was vague 

Three davs before admission, September 14, 1939, the patient developed pain in her 
low'er abdomen following the ingestion of some corn The pain soon became generalized, 
and vomiting and distention of the abdomen became evident Daily enemas did not pro- 
duce fecal material and the symptoms persisted 

The relevant physical findings were obvious signs of dehj'dration, an oral tempera- 
ture of 100° F , a blood pressure of 170/100, cardiac enlargement to the left, a distended 
and t3mpanitic abdomen, with exaggerated borborygmi, which could be auscultated over 
the entire abdomen, and generalized tenderness with rebound tenderness All the labora- 
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tory findings were normal (blood count, Kline, and uranalysis) Climcal Diagnosis 
Intestinal obstruction 

She was given intra\enous fluids of glucose and normal saline, a Miller- Abbott tube 
was started, and a barium enema was given The roentgenologic diagnosis, made by 
Dr E Hayden, was obstruction m the jejunum or proximal ileum, constriction of the 
midtransverse and sigmoid colon (Fig i), and apical tuberculosis was found by fluoro- 
scopj The patient’s symptoms were not improved after eight hours of treatment, and 
It was thought advisable to explore the abdomen, as strangulation of the intestine was 
feared 

Opeiahon — Under cjxlopropane anesthesia, a low midline incision was made On 
opening the peritoneal cavity a confusing anomaly of the anatomy was found No small 
intestine was to be seen The transverse colon lay in the pelvis, attached by firm adhe- 
sions to the descending colon, the sigmoid, the peritoneum overlying the bladder and to 
the pelvic viscera The adhesions between the transverse colon and the vesico-uterine 
peritoneum were cut to allow exploration of the pelvis It was found that an infantile 
genital system existed Superior to the transverse colon a mass could be palpated but 
not visualized The incision was extended upward and around the umbilicus At this 
point a mass could be seen which filled the upper portion of the abdomen Intestines 
were seen to be enclosed in the tumor and it was recognized that a paraduodenal hernia 
was present An attempt was made to find the opening leading into the sac but none was 
found The hernial sac wall, consisting of the gastrocolic ligament and the mesentery of 
the ascending colon, was opened through an avascular area The intestines were reduced 
through this opening, and it was found that the entire jejunum and greater portion of 
the ileum were contained in the hernial mass There were se\eral areas of purplish dis- 
coloration present in the bowel wall which recovered their normal color after reduction 
B> manually exploring the hernial cavity, the orifice was found to the left of the sac 
This could be visualized only after adhesions between the transverse and descending colon 
were freed and the ptosed transverse colon retracted medially The orifice was fullj 
three inches in length, and the superior mesenteric artery traversed its anterior margin 
The first portion of the jejunum entered the upper angle of the orifice into the hernial 
cavity and the distal end of the ileum emerged from the lower portion By traction the 
intestine which had been incarcerated was pulled through the hernial orifice Due to the 
length of the gastrocolic ligament, and the adhesions between the transverse colon and 
lower abdominal viscera, the position of the small intestines was still abnormal but ample 
room was afforded for them posterior to the gastrocolic ligament and superior to the 
transverse colon (Fig 2) The hernial orifice was sutured with interrupted sutures of 
silk and the abdomen was closed in layers 

The patient’s condition was good at the end of this procedure and continued so until 
the second postoperative day when signs of cardiac decompensation were observed 
Digitalis was started followed bv rapid improvement, after which the patient’s recovery 
was uneventful She was discharged from the hospital October 8, 1939, and has had no 
further signs of obstruction and no abdominal pain 

By reviewing the embryology of the intestine, the formation of a para- 
duodenal hernia can be better understood The primitive gut arises m the 
human embiyo when the entodeim is folded into a simple tube This opens 
into the yolk stalk and is supported on the dorsal wall by the mesentery 
During the fifth week the attachment of the yolk stalk disappears, the anlage 
of the cecum is formed, and there is a rapid elongation of the small intestine, 
which causes it to be thrown into a loop opposite the point of attachment of 
the yolk stalk This loop rotates counterclockwise, and as a result the cecal 
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poition of the intestine lies to the left and the small intestine to the light 
(Plate I — Fig i) The small intestine continues to lengthen so lapidl)^ that 
it can no longei he accommodated m the abdominal cavity, and, at seven 
weeks, it herniates into the umbilical coelom (Plate I — Fig 2) The hind gut 
(majoi poition of the laige intestine) is letained m the abdomen In embiyos 
of ten weeks the intestine 1 etui ns into the abdominal cavity and the coelum is 
obhteiated The pioximal coils of the small intestine aie 1 educed fiist behind 
the supeiioi mesenteiic aiteiy 
while the cecum 1 etui ns last As 
a lesult theie occuis a countei- 
clockwnse lotation of 270° about 
the axis of the aiteiy, thiownng 
the duodenum behind and the 
tiansveise colon m fiont of the 
aiteiy Follownng the rotation 
the cecum lies to the 1 ight occupy- 
ing a position immediately below 
the livei with the small intestines 
lying medially (Plate I — Fig 3) 

In thiee- to six-months’ fetuses 
the lengthening colon causes the 
cecum and cephalic end of the 
colon to descend tow^ard the pel- 
vis, and the ascending colon is 
thus established (Plate I — Fig 
4 ) 

With the elongation of the in- 
testines, the mesentery gi ow's cor- 
respondingly and is carried with 

barium enema shoiving dilated loops of small intestine 
the intestine 111 its lotation ihe and ptosis of transverse colon The diagnosis of para 

, duodenal hernia could not be made from this film 

superior mesenteric artery serves 

as the axis for the rotation The axis is accentuated as the cecum descends 
and the mesentery is spread out like a funnel During the fourth month the 
descending and ascending colons and their mesenteries fuse wuth the dorsal 
peritoneum (Plate I — Fig 4) 

The process just desciibed is the normal development of the gut Para- 
duodenal herniae are the result of an abnormal 1 otation of the intestine 

The formation of right paraduodenal heiniae has been excellently de- 
sciibed by Andiews,^ and wall be briefly reviewed During the tenth w^eek, 
when the intestine leaves the umbilical coelum, if an incomplete 1 otation of 
the cecum is piesent, this portion of the gut would he inferior to the small 
intestines (Plate I — Fig 5) As it growls to the right it wmuld scoop up the 
small intestines in its mesenteiy (Plate I — Fig 6), and when fusion occurs, 
during the fourth month (Plate I — Fig 7), the small intestines w'ould be 
imprisoned posterior to the mesentery 
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The fiist pai aduodenal heinia to be diagnosed pieopeiatively was lepoited 
m 1930, by Tayloi Only two such diagnoses have been made, and these 
were made roentgenologically A laige number of patients with these herniae 
do not have symptoms and the anomaly is found at necropsy In other cases 



Tig 2 — Dnwing showing the anatomic relations found at operation The para 
duodenal hernias anterior wall consisted of the mesentery of the transierse colon 
and gastrocolic ligament The transverse colon lav inferior to the sac, and a portion 
of the colon overlapped the hernial orifice 

tlieie are indefinite symptoms of cohc-hke abdominal discomfoit which may be 
transient and with or without vomiting The diagnosis of gallbladdei disease, 
“dyspepsia,” pyloiic spasm, etc, may be made Again, there may be a 
sudden onset of symptoms indicating an acute intestinal obstruction Bile is 
frequently present in the vomitus, but fecal vomiting is uncommon due to the 
usually high site of the obstiuction Moynihan^'’ and Garber^^ both considei 
the chief diagnostic signs to be Repeated attacks of abdominal colic, ab- 
dominal tenderness, with distention lelieved by the passing of flatus, visible 
peristalsis , and a palpable, tympanitic, elastic mass in the abdomen Scheele”^ 
claims that roentgenogiams taken following a baiium meal show letention in 
the stomach and duodenum, with a bou -shaped closing off of the upper in- 
testinal shadow A barium meal is contraindicated m cases with acute symp- 
toms Exnei® states that the clumped appeal ance of the intestinal coils, 
shown in a “flat ’ roentgenogram, as if they were contained in a sac, is a 
characteristic sign of paraduodenal hernia In large herniae, such as the 
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Plate I 

Fig 1 — Diagnmmatic fifth week embryo showing counterclockwise rotation of the 
intestinal loop 

Fig 2 — Seventh week embryo with herniation of the small intestine into the 
umbilical coelom 

Fig 3 — Position of large and small intestine following normal rotation in a ten 
week embryo 

Fig 4 — Normal rotation complete, with cecum in right lower aspect of the 
abdominal cavitj Shadowed areas represent areas of fusion between the mesenteries 
and the posterior peritoneum 

Figs 5 and 6 — Illustrating the relative positions of the large and small intestine 
when incomplete rotation occurs The cecum lies inferior to the small intestine and 
as it grows to the right the small intestine is caught and enclosed in its mesenterj 
(After Andrews l) 

Fig 7 — In the fourth month the fusion of the mesentery and peritoneum has in 
carcerated the small intestine and completed the right paraduodenal hernia Note that 
all conditions of the right paraduodenal hernia are reproduced, the sac and its con 
tents occup> the right portion of the abdomen, the orifice is to the left of the sac, and 
the superior mesenteric arterj lies in the anterior margin of the sac 
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one descnbed above, there is no roentgenogi aphic evidence that the intestines 
are enclosed within a limited space 

The tieatment advisable foi this condition depends largely on the symp- 
toms and findings piesent Those herniae found in the course of the abdom- 
inal suigery should be reduced and the neck of the sac closed When signs 
of an intestinal obstruction are present, the treatment should be the same as 
m any other case of obstruction In cases with evidence of strangulation, 
surgery should not be delayed If the hernial orifice cannot be located, an 
avascular area on the sac wall can be opened and the cavity explored manu- 
ally It was only by this method that the opening was found m the above 
descnbed case Caution must be exercised to protect the vital blood vessels 
which run in the wall of the sac After the oi ifice is definitely located, the in- 
testines can be diawn through the aperture into the general abdominal cavity 
and the opening closed This last step is important as recurrences have been 
repoited which resulted from an improper primaiy closure “Because of the 
technical difficulties produced by the distoition of the anatomy, the mortality 
still remains high This can be reduced only by a more thoiough grasp on 
the part of the operating surgeon of the anatomic anomalies at hand” 
(Longacre’^'^) 


SUMMARY 

A case of right paraduodenal hernia is presented which, as far as could 
be determined, is the forty-eighth case to be reported, the twenty-ninth case 
to be operated upon , and the sixteenth to recover The anatomic arrange- 
ment found was interesting not only because of the heinia present but also 
because of the presence of an infantile genital system, and of the position of 
the colon in the pelvis The cause of the geneialized adhesions in the abdo- 
men was not determined It is logical to believe that they were a result of 
an old tuberculous peritonitis as they were of the right consistency and dis- ' 
tnbution The piesence of an apical tuberculosis adds further weight to the 
possibility of this etiolog}'^ 

We wish to express our appreciation to Dr W Steen, who conducted the medical 
management of this case and was instrumental in obtaining the patient’s history 
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Varicosities of the lower extremities are as vaiied in distribution and 
size as there aie individuals presenting them From a therapeutic standpoint, 
howevei , they can be classified simply into three comparatively distinct groups 
(Table I) 


Table I 

CLASSIFICATION OF VARICOSITIES OF THE LOWER EXTREMITIES 


Group 

I 

II 

in 


Condition 

Varicosities 

Spider bursts, rocket bursts, telangiectatic veins 

Mild or moderate varicosities 

Mild moderate or marked varicosities 


Great or Small 
Saphenous System 
Competent 
Competent 
Incompetent 


Gioup I — To the first gioup are assigned the spider buists, rocket bursts 
or the telangiectatic type of veins (Fig i) These are tiny, superficial, often 
interlacing vessels, complaints lefeiable to them pnmaiily concern their 
appearance Occasionally, these vessels will lupture spontaneously Some- 
what more frequently, a sharp blow directly over the vein will produce a 
subcutaneous or exteinal hemorrhage Although not of serious import, such 
an accident causes considerable apprehension on the part of the patient Ele- 
vation of the extiemity affected plus external pressure over the region of 
hemorrhage will temporarily contiol the situation satisfactorily 

Gi oup II — To the second group are assigned mild or moderate varicosities 
that are not associated with demonstrable mcompetency of the great or small 
saphenous system of which the varicose veins may or may not be a part 
(Fig 2) If the varicosities seem to affect a portion of one or the other of 
the aforementioned s3'stems, prognostication of permanent good results should 
be guarded, as recurrences frequently develop This can be readily under- 
stood, for often this type of varicosity is a precursor to a general breakdown 
of the system involved 

Gionp III — The third, and most common type of varicosity, is found in 
approximately 50 per cent of all the patients treated for vaiicose veins at the 
Mayo Clinic This third group is made up of those cases of mcompetency of 
the great or small saphenous system, or both, associated with mild, moderate, 
or marked varicosities (Fig 3) Thus, these cases are found to be the most 
important, and the most exacting, with which we must deal, for it is in such 
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cases that we find the gieatest percentage of complications of actual or poten- 
tial stasis Recmience of vaiicosities due to previous inadequate obliteiative 
therapy is also frequently noted 

Geneial Exammatwn Piio) to Tieatment — No patient should be treated 
for vaiicose veins without a complete general examination Its importance 



Fig I Fig 2 Fig 3 


Fig 1 — Diffuse spider bursts that involve primarily the lateral aspect of the lower extremity 
Fig 2 — Mild and moderate varicosities on the lateral aspect of the thigh over the anterior 
aspect of the knee and leg, the saphenous system is not involved 

Fig 3 — ^Incompetent saphenous system with moderate varicosities Note cirsoid dilatation of the 
saphenous vein at the fossa ovalis 

IS emphasized, further, by the fact that patients who present themselves for 
this kind of therapy are commonly of that age-group in which early malignant 
disease has its greatest incidence When malignant lesions or other pathologic 
conditions are found that demand early attention, treatment for vai icose veins 
becomes of secondaiy importance, and may be carried out at a subsequent date 
Numerous patients may be found to have conditions of minor importance 
which requiie tieatment, although elective If the patient’s condition is other- 
wise satisfactory, such elective therapy may be carried out m conjunction with 
routine obhteiation of the veins 

For those individuals who aie found to have pathologic lesions of the 
pelvis or abdomen for which tieatment is not urgent, it is frequently advan- 
tageous to obliterate the varicosities first in order to lessen the possibility of 
postopeiative superficial thrombophlebitis or other vascular accidents 
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When satisfied that the patient’s general condition warrants obliterative 
therapy, it is inexcusable not to determine the status of the deep venous circu- 
lation of the lower extremity before proceeding further This is especially 
true if one can elicit a history of a previous, deep thrombophlebitis 

In our experience, very few patients have significantly incompetent com- 
municating veins of the thigh or leg As yet, we have not found it necessary 
to ligate such veins for successful obliteration of the superficial system 

Test Dose — To safely approach the obliteration of any type of varicosi- 
ties, particularly those of the second and thud group, a “test dose,” or injec- 
tion, should be given at least four hours, and preferably 24 hours, prior to 
therapy We consider that o 5 to i cc of a 5 per cent solution of sodium 
morrhuate, or a like amount of 5 per cent solution of monoethanolamine 
oleate injected into a varicose vein of medium size, is the appropriate amount 
Systemic reactions seldom develop following the injection of endothelial 
irritants However, if they should occur, the likelihood of minimal mani- 
festations may be expected if small amounts are employed, as recommended 
for the test dose Immediate administration of epinephrine hydiochloride 
has no peer in the control of these episodes Obviously, befoie treatment is 
begun one must determine that the sclerosing solution to be employed is non- 
toxic to the patient 

The second important function of the test dose is to leveal infoiination 
24 houis after it is given It is well recognized that sclerosing solutions do 
not react quantitatively the same among different individuals Thus, the 
amount of local reaction produced at the site of injection of the test dose 
guides us m detei mining the amount of scleiosing solution to be employed at 
subsequent injections This is particularly true in regard to the larger amounts 
used at the time of ligation and division of the incompetent vein 

Only after certain preiequisites have been fulfilled, namely, a satisfactorily 
general physical examination of the patient without evidence of disease of a 
serious nature and the selection of a nontoxic sclerosing solution, should treat- 
ment of the offending varicosities classified in Groups II and III be instituted 
Ti eatment — Gioup I — Small veins classified under Group I are obliter- 
ated primal ily for cosmetic reasons To accomplish this, infinite care must be 
employed to prevent further disfigurement which may easily occur if the 
sclerosing solution is not injected directly into the lumen of the vein To 
minimize the danger of necrosis of the wall of the vein, which results in a 
highly pigmented scar, we use i to 2 5 per cent solutions of either of the pievi- 
ously mentioned salts of fatty acids By Augorous shaking of the full strength 
solutions, surface bubbles are produced in the syringe Injection of these 
bubbles may also be successfully employed to obliterate this type of varicosity 
(Group I) 

Group II — When dealing with varicosities of mild or moderate degree 
Avithout associated incompetency of the great 01 small saphenous system, it is 
rarely difficult to pioduce a satisfactory result Local injections of a solution 
of average strength usually suffice to thrombose adequately the offending 
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varicosities We prefer to start at the proximal portion of the varices and 
proceed distally, we believe that when the proximal portion is thrombosed 
successfully, less solution is needed subsequently to obliterate the remaining 
patent portion of the vein Treatments may be carried out daily, every other 
day, or twice weekly at the discretion of the operator Although 2 cc of a 
5 per cent sclerosing solution is approximately the average amount employed 
in one day, it is seldom advisable to inject this quantity at a single site unless 
previous experience has pioved otherwise 

Occasionally, it is permissible to use as much as 4 cc daily, piovided that 
the patient’s tolerance is high, or that well-scattered sites have been chosen 
for the injections The patient may be benefited by wealing an external 
support in the form of an elastic bandage during the course of injection and 
throughout the following few weeks The advantages of a bandage are two- 
fold Adequate thrombosis is facilitated, and discomfort of the patient is 
lessened 

Gi oup III — Obliteration of varicosities classified in Groups I and II 
usually offers no difficulty if the described methods are employed Howevei , 
a much more extensive procedure must be instituted when the varicosities are 
of the type classified in Group III 

We believe that ligation and division of the offending incompetent vein, 
and injection of a sclerosing agent into it, must be meticulously performed to 
obtain the greatest percentage of permanent results The advantages of such 
procedures are enumerated in Table II 

Table II 

ADVANTAGES OF LIGATIOK OF INCOMPETENT GREAT SAPHENOUS \EIN 

(1) Continuity of the vein is interrupted at its most proximal point 

(2) Possibility of canaUzation is reduced to a minimum 

(3) Number of local injections necessary for obliteration is decreased 

(4) Period of treatment is shortened 

(5) Adequate complete thrombosis is obtained with greater ease 

(6) Pulmonary showers are less likely to occur 

It should be emphasized, at this point, that during examination, while the 
patient is m the standing position, not only the proper diagnosis and classifica- 
tion can be ascertained but, also, unusual variations and distribution of the 
varicosities can be noted Particularly is this true when groups of uncommon 
varices appear on the lateral or posterior aspects of the thighs These indicate 
the presence of either incompetent lateral supei ficial femoral veins or incompe- 
tent medial superficial femoral veins (frequently termed accessory saphenous 
veins) When one or the other is present, it is important to identify it at 
operation Treatment for such a condition is carried out simultaneously with 
that employed for an incompetent great saphenous vein , namely, ligation and 
division of the vein and the injection of a solution into its distal portion 

At the examination prior to operation, it is also of value to note regions 
either on the thigh or legs in which great tortuosity or a localized accumulation 
of varicosities occurs To prevent an excessive localized reaction due to con- 
centration of the sclerosing solution in these regions, and to procure uniform 
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thiombosis, binding of tbe tbigbs and tbe application of bandages to tbe legs 
are recommended to be used immediately following tbe opeiative procedure 
Tbe patient is advised that tbe binder may be lemoved fiom tbe tbigb at any 
time aftei tbe lapse of a few hours Removal of tbe binder may be necessary 
because of tbe considerable pain wbicb, occasionally, may follow as tbe result 
of swelling fiom the underlying chemical phlebitis and periphlebitis If there 
are no symptoms, tbe bindei is allowed to lemam in place until the patient 
IS seen on the following day 

Foi the same leasons that a bindei is applied to tbe thigh postoperatively, 
an elastic bandage is employed on tbe leg The patient is instructed that the 
bandage may be lemoved whenever the extremities are elevated, that is, while 
in bed, the bandage should be leapplied when the patient is on his feet or in 
any position in which the feet are dependent As we expect the patient to 
leave the hospital soon after the operative proceduie is pei formed, it is 
advisable to warn him that nausea, anorexia, and a mild elevation of tempera- 
ture may occur postopei atively He is also informed that if pain, tenderness 
or redness occurs along the course of the tieated vein, elevation of the ex- 
tiemity and the application of warm, moist packs will be very beneficial and 
will decrease his discomfort The patient is asked to retuin to the clinic on the 
day after operation 

Techmc of Division and Ligation, Tcchnic of Injection of the Sclerosing 
Solution into an Incoinpetent Gicat Saphenous Vein — The site of the fossa 
ovahs, and, consequently, of the saphenofemoral junction, is determined after 
the patient is on the operating table, and diaped for the opeiation The point 
of maximal pulsation of the femoral arteiy at the lower border of Poupart’s 
ligament is determined We then measure downward, approximately one inch 
(2 5 cm ), and then medial approximate!)’- one inch A scratch mark is made 
on the skin at this site which, in the majority of instances, has proved to he 
directly ovei the fossa ovahs After the region has been infiltrated with a 
I per cent solution of piocaine hydiochlonde, an ample incision is made 
paiallel to Poupait’s ligament, the maiked site of the fossa ovahs is used as 
the middle point of the incision The incision is cairied down to the super- 
ficial fascia and a self-ietaining mastoid type of retractor is inserted 

The great saphenous vein lies beneath the superficial fascia and superficial 
to the fascia lata of the thigh The superficial fascia is incised in a line paiallel 
to that of the incision Occasionally, blunt dissection is necessary to expose 
the vein when it is sui rounded by excessive areolar tissue The great saph- 
enous vein IS separated fiom its bed for a shoit distance and a curved clamp 
IS passed beneath it 

The vein is doubly ligated with chromic catgut, and a curved forceps is 
placed on the vein just proximal to the ties The vein is then divided between 
the ligatuie and the foiceps, and the distal portion is allowed to retract down- 
ward 

The thiee uppermost tributaries of the great saphenous vein, namely, the 
superficial circumflex iliac, the superficial epigastric, and the external puden- 
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dal veins, can be exposed by making traction on the proximal stump of the 
great saphenous vein and, by carefull}'- stripping from it, with the index finger, 
the surrounding loose areolar tissue as far pioximally as the femoral vein 
These three tnbutaiies are divided and ligated sepaiately — this leaves the 
pioximal stump of the great saphenous vein fiee of all tnbutaiies Two other 
tributaries of the gieat saphenous vein, the lateial and medial supeificial 
femoral veins, aie, ordinal ily, not visualized in this dissection at the fossa 
ovalis Occasionally, howevei, when one oi both of these veins enter the great 
saphenous vein at a level highei than usual, they will be seen When this 
occurs, these tnbutaiies are tieated as the afoiementioned tnbutaiies weie 
treated and, m addition, a sclerosing solution is injected into their distal 
stumps When one, or both of these tiibutaries aie piesent, this essential 
additional proceduie can be anticipated by caieful preopeiative examination 
By traction on the freed proximal stump of the saphenous vein with the 
attached forceps, the anterior surface of the femoial vein is exposed and 
two curved clamps are placed at the saphenofemoial junction The great 
saphenous vein is doubly ligated with chiomic catgut just beneath these clamps 
The excess portion of the stump is excised The ligated distal poition of the 
great saphenous vein is pulled upward into the wound, and the predetermined 
amount of sclerosing solution is injected directly into the lumen The wound 
IS irrigated with a saline solution and is closed with interrupted sutui es 

Postopeiahve Cme — The return of the patient to the clinic, on the day 
following operation, is requested, primarily, m older to assuie him that he 
IS still ambulatoiy If the bandages aie still on the thigh, they should be 
removed If indicated, the dressings ovei the incision may be changed This 
IS occasionally necessary because of discomfoit or inadequate piotection The 
elastic bandages on the legs are lemoved and are reapplied following a suivey 
of the extent of the postoperative reaction 

The extent of the reaction is noted by inspection and gentle palpation In 
most instances, the reaction extends to the level of the knee and is visible as 
a pink to red periphlebitis Induiation and tenderness in this region also 
indicate the extent of the thiombosis that has lesulted Occasionally, the 
reaction extends through the entiie involved saphenous system, if such 
occurs, the necessity for subsequent injections is reduced to a minimum In 
the majority of cases, however, subsequent injection of a sclerosing solution 
into the remaining patent varicosities must be carried out to complete the 
obliterative therapy It is, usually, wise to postpone this additional treatment 
until the second or third postoperative day, as occasionally the maximal extent 
of the postopei ative reaction is not obtained by the end of the fiist 24 hours 
Should excessive periphlebitis occur during the early postoperative course, 
the symptoms may pi event the patient from being entirely ambulatory When 
simultaneous bilateral piocedures have been carried out, some increase m 
disability may be expected If moie than an average reaction occurs, it can 
be satisfactorily conti oiled by intermittent rest in bed, elevation of the ex- 
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ti emity and the application of warm, moist packs If necessary, sedatives may 
be administered for a short time 

Further therapy, m the form of injecting an additional sclerosing solution, 
now depends entirely on tl^p judgment of the surgeon It is usually prefeiable 
to obliterate the remaining patent varicosities by successive, frequent injec- 
tions of small amounts of the scleiosing solution, proceeding distalward 

If the cutaneous edges of the wound have been accurately approximated, 
the sutures are removed on the sixth postoperative day In an occasional 
case. It may be wise to allow the sutures to lemain in place an additional 24 
to 48 houis No wound complications have been obseived following ligation 
of the great saphenous vein or its tributaiies We have not considered the 
accumulation of serum as a complication When present, adequate drainage 
allows rapid subcutaneous healing of the wound 

Insti uctions to Patient — The patients treated foi varicosities, who do not 
reside in the immediate vicinity of the Mayo Clinic, are usually instructed 
at the time of their dismissal m a special manner A brief description of the 
purpose of the obliterative therapy, given to the patient at the onset of treat- 
ment, IS repeated at the time of dismissal , this tends to bring about the co- 
operation and understanding that are necessary on the part of the patient 
Soreness and tenderness of varying degiees aie to be expected whenever 
satisfactoiy thrombosis has resulted in the obliterated varicosities Usually, 
a peiiod of a few days, to two or three weeks, is sufficient for most patients 
to accommodate themselves to these complaints Furthei complaints leferable 
to the hard, contracting, thrombosed varicosities, such as pulling, drawing or 
sticking sensations, stiffness, dull aches, etc, may continue for one or two 
months In numerous instances, the hardness of these thrombosed veins, on 
jialpation, continues for a year or longer, and is indicative of a satisfactory 
result The patients, if forewarned, will in no way become alarmed when 
they first notice these hard masses An elastic bandage, or some other suitable 
means of applying external suppoit, is recommended The length of time 
advised for continuing external supportive measuies depends, in most 
instances, diiectly upon the extent of varicosities The average individual 
will deiive no benefit from such support aftei three 01 foui weeks, whereas 
those patients who have had complications such as peisistent edema of the 
leg, biawny induration, or ulceration may require the application of an 
external suppoit for six months 01 a year, infrequently longer In addition 
to the factor of comfoit, external support is a definite aid to nature in rehabili- 
tation of tbe extremity, particularly when varicosities or complications have 
been extensive 

The patient is further requested to return for observation, preferably 
SIX months to a year following dismissal Frequently, at this time, a few 
additional varicosities or legions of recanahzation may be detected A small 
amount of sclerosing solution, strategically injected will then usually perma- 
nently complete the obliterative process 
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SUMMARY 

Fiom a therapeutic standpoint, vaiicosities of the loivei extremities may 
be classified, simply, into thiee compaiatively distinct groups (i) Spider 
bursts, locket buists, telangiectatic veins, (2) mild or moderate vaiicosities 
without associated demonstrable incompetency of the great or small saphenous 
S3'stem , and (3) mild, moderate, or maiked varicosities associated vitb incom- 
petenc}^ of the gi eat 01 small saphenous system or with mcompetenc)’- of both 
systems On the basis of this classification, oui method of theiap) depends, 
and has been described Appi oximatel}’^ 50 pei cent of patients treated have 
demonstrable incompetency of the gieat saphenous system In such cases, the 
essential steps m treatment aie (i) Ligation and division of the gieat 
saphenous vein at the saphenofemoial junction , (2) sepaiate division and liga- 
tion of the tiibutaiies of the saphenous vein, and (3) injection of a scleiosing 
solution into the saphenous system Methods of preopeiative and post- 
opeiative management are vei) impoitant 
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The employment of opaque substances to roentgenograplucally demon- 
strate hollow organs oi human cavities has now become a routine procedure 
While at first these media ivere introduced by ingestion, injection or instil- 
lation to visualize local parts, the development of nontoxic substances per- 
mitted their injection diiectly into the ciiculation in order to demonstrate 
remote parts Originally, these chemicals were employed solely because of 
their radiopacity but as research in this field developed, newer drugs were 
utilized which, m addition, permitted studies of the excretory or secretory 
functions of the organs studied Further investigation led to the use of sub- 
stances such as thorotrast, which remain within the reticulo-endothelial system 
of solid organs and thus renders them opaque Thus it is safe to say that 
few organs are inaccessible to roentgenographic study 

The use of opaque substances, to map vascular channels, has, hitherto, 
been restricted to specimens removed at autopsy, operation, or in animal 
experimentation Its use m vivo, however, is of more recent origin and is 
made possible by the development of opaque substances which can be intro- 
duced into the circulation without untoward effect 

In a previous communication,’- we demonstrated the morphologic changes 
which occuired in varicose veins, the character of the associated circulatory 
phenomena, and the existence of venous pools subjacent to varicose ulcers 
A wholly fortuitous development was the scleiosing effect of the skiodan 
During the course of this investigation, we had occasion to inject several 
angiomata The prompt subsidence of the tumois which followed this pro- 
cedure, encouraged us to extend the study to include the plexiform and 
cavernous angiomata of the extremities, we refer particularly to the angio- 
mata of muscles and not of bone , because the identification of the individual 
types IS frequently impossible by all methods By employing radiopaque 
substances such as are used in intravenous urography, we were, in effect 
combining several operations in one The course and extent of the tumor 
could be visualized and recorded No subsequent sclerosing media would 
be necessary, since Avascular obliteration Avould frequently follow the intro- 
duction of these chemicals into the vessels Our expeiience in this connection 
forms the basis for this communication 

Incidence — ^Jenkins and Delaney- studied 255 cases of muscle angiomata 
reported in the literature, up to 1932, and added one case of their oAvn It is 
obAuous from their Avork as Avell as from our own experiences that the con- 
dition IS extremely common but frequentlj'^ unsuspected Because of their 
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excellent review of the subject, it would be repetitious to > cover the same 
ground here The distribution of the cases studied by these authois is seen 
in Table I 

Table I 

AGE or PATIENT AND AGE AT ONSET OP SYMPTOMS 

Given at Onset of 

Given Dunng Symptoms and Signs 


First decade 

40 

95 

Second decade 

80 

67 

Third decade 

63 

30 

Fourth decade 

20 

7 

Fifth decade 

9 

4 

Si\th decade 

2 

I 

Seventh decade 

I 

I 

Eighth decade 

I 

1 

Total 

216 

206 


The largest individual gioup, therefore, occurred during the second decade 
Where the age of onset of the symptoms was given however, 95 cases oc- 
curred during the first decade 

Of the 204 cases in which the sex was stated, lO/ weie in females The 
condition occurred chiefly in the white race as only six Japanese and one 
Negro were included in the senes We have found that vascular diseases aie 
uncommon in the coloied people, wheieas angiomata occui relatively fre- 
quently In our group, there was a slight preponderance of the condition in 
the colored race From the figures submitted by these authors, it is hard to 
escape the conclusion that the condition is congenital in origin, since 47 per 
cent occurred dunng the fiist decade in their series and in two of our cases 
That trauma may be of significance is evidenced by the 17 per cent which 
followed injury Fom of our own cases gave a definite history of injury 

Symptoms and Physical Findings — It is difficult to diagnose this condition 
solely by the symptoms and physical findings There is often a history of a 
slowly developing tumoi, which was noted at birth 01 shortly thereafter Pam 
is a prominent feature and is usually present but somewhat variable in char- 
acter, lasting from a few minutes to a few days Often, it may be excru- 
ciating and completely disable the patient Pam may be present at the site 
of the tumor, or it may radiate down the lowei extremity and resemble a 
sciatica Aggiavation is usually produced by walking and exercising, and 
relief may be obtained by any position of the extiemity which tends to empty 
the vessels One of our cases, however, expeiienced pain on standing and 
was relieved only by brisk walking or dancing Tiauma may cause a rupture 
of a vein or a localized thrombophlebitis and frequently directs the patient’s 
attention to the tumor which has escaped his notice The patient may develop 
a peculiar gait or limp due to an alteration m the length of the extremity or 
to direct involvement of the soft tissues The muscles of the lower extrem- 
ities are most frequently involved 
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The tumor varies m size from a small nodule to an extremely large irreg- 
ular mass, the size of a small orange or even larger While its surface is 
usually smooth, it may at times be extremely irregulai in contour or nodular 
Occasionally, it is sharply defined, but more often its limits are lost m that 
of the neighboring muscle The skin overlying the mass may be freely 
movable or attached Port wine nevi are common and m three of our cases, 
dilated vessels were visible Frequently these nevi were somewhat distant 
from the enlarged vascular loops Two instances of unilateral hypertrophy 
of an extremity were encountered, in which vascular nevi and angiomatous 
dilatation of the vessels coexisted At times, theie may be an inciease in 
the width of an extremity without any change in its length In one of our 
cases, there was a slight letardation of growth of the extremity due to a mild 
residual poliomyelitis In angiomata involving joint stiuctures, there may 
be a marked atrophy of the contiguous soft tissues producing a fusiform 
swelling Motion of a neighboring joint may be distinctly restricted or painful 
In a reported case, as well as in one of our own, an anesthetic had to be 
administered m ordei to allow palpation of the tumoi In our protocols, it is 
described as having a spongy or rubbery consistency Occasionally, one can 
feel a small nodule or an elongated area of painful induration or swelling 
due to a localized phlebitis which serves to direct attention to the associated 
angioma Ulceration of the skin overlying the tumor has been reported 
Dtagnosts — Essentially, the roentgenographic demonstration of phleboliths 
in the muscles of an extremity is pathognomonic evidence of this disease , but 
It IS important to remember that these tumors may exist without the presence 
of phleboliths Occasionally, one may detect some calcification within a soft 
tissue tumor, or a periostitis of an adjacent bone resulting from the irritation 
produced by the presence of a soft tissue mass The most accurate aid to 
diagnosis which we possess is the injection of a radiopaque substance m 
order to visualize and identify the lesion 

Techmc of Adimmsti ation — A preliminary roentgenogram of the part is 
taken in order to establish whether or not there are any phleboliths Any 
syringe and needle used in the injection treatment of varicose veins may be 
employed and from 5 to 20 cc of a 40 per cent solution of the radiopaque 
chemical is sufficient foi the study The patients are prepared as for any 
intravenous medication The use of the tourniquet is preferable, as some 
stasis of the dye m the tumor is desired When we are assured that the 
needle is within the vessel, the chemical is injected slowly and without undue 
pressure The limb is placed upon a casette-changing device and toward 
the end of the injection, roentgenograms are taken The needle need not be 
removed between exposures since it serves as a guide to the site of injection 
and prevents the back flow of radiopaque chemical upon the skin, where its 
superimposed density often masks finer vascular changes Should it become 
necessar)’’, however, to remove the needle in order to rearrange the part, a 
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small metallic marker may be placed as a guide at the site of injection It is 
obvious that the dilution of the chemical may be very considerable m tumors 
of laige size, and it may be necessary at times to reinject it to obtain a 
thorough sclerosing effect In some tumois, however, one injection is usually 
adequate for visualization and therapeutic action, and in only one instance 
was it necessaiy for us to inject more than twice In properly obliterated 
angiomata, it will be impossible to introduce the radiopaque chemical into the 
mass Caie must be exeicised during the injection to assure one’s self that 
the chemical is introduced into the angioma and not into the tissues about it, 
as a bad slough may develop In none of oui patients was there any untowai d 
effect Small angiomata in childien need not be injected since they may 
spontaneously retrogress without treatment 

CASE REPORTS 

Case I — Hosp No 4577 L P , male, age five, was admitted, September 7, 1933, 
on the service of Doctor Finkelstein for a painful ulcer and swelling of the right foot 
The mother stated that at the time of birth it was noted that the child had a large, soft 
tissue tumor involving the entire plantar surface of the foot, extending from the base 
of the toes to but not involving the heel, as well as a swelling below the external 
malleolus At the age of eight months, the patient was taken to an hospital, where, over 
a period of four months, he received two roentgen ray treatments and one radium treat- 
ment A huge blister soon developed at the site of treatment, which was incised Ex- 
cruciating pain soon developed in the extremity He was observed monthly until the age 
of three, at which time further radium treatment was advised but declined In the 
absence of any therapeutic response, and because of the pain which required sedation to 
control, amputation was advised For the past four weeks disability has been complete 
and the pain agonizing 

Physical Examination — The patient was unable to walk or stand and the foot was 
held in the equinovarus position There was a marked atrophy of the foot and calf In 
the middle of the plantar surface of the foot, there was a large ulcerated area, measur- 
ing about one and one-quarter by one-half inches From this area, radiating bands of 
scar tissue extended to the lateral borders of the foot The ulcer was covered by an 
unhealthy crust which was rather firmly adherent to its somewhat edematous borders 
The entire plantar surface of the foot consisted of irregular clumps of enlarged tortuous 
veins which extended from the base of the toes practically to the heel The skin over 
these veins was extremely thin and somewhat bluish m color On palpation the vessels 
were found to be of somewhat rubbery consistency and painful The dorsum of the foot 
was likewise Swollen (Fig i) 

The preliminary roentgenogram showed a fairly pronounced swelling of the foot 
Nodular, soft tissue masses extended from the bases of the toes to the heel On the 
plantar surface and somewhat centrally placed, there was a loss of soft tissue substance, 
representing a fairly large ulcer Close to it and below the base of the fifth metatarsal 
bone, a small phlebohth was noted On the internal surface of the fifth metatarsal bone, 
there was a crescentic filling defect, which extended from the base of the head of this 
bone, materially reducing its diameter This was evidently due to the pressure of a soft 
tissue mass On the surface of the shafts of the third and fourth metatarsal bones, a 
parallel periostitis vas noted (Fig 2) 

Because of the phlebohth, the lesion was considered an angioma, and it was decided 
to inject an opaque solution for diagnostic and sclerosing purposes Under a general 
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anesthetic, lo cc of skiodan was injected into the plexus of veins in the region of the 
base of the third metatarsal bone and roentgenograms made These films revealed a 
rather bizarre picture The opaque solution filled countless vascular loops which were 
present in the foot In the main however, there were four groups of dilated vessels, two 
toward the lateral borders and two in the region of the heads of the metatarsal bones 
The individual vessels could not be identified At the periphery of the vascular loops, the 



Fig I — Case i Photograph 
showing the large ulcer and scar 
on the plantar surface of the foot 
Note the distortion of the foot by 
irregular, nodular swellings 



Fig 2 — Case i Preliminary 
roentgenogram showing the phlebolith 
in the region of the cuboid bone Note 
the thinning of the cortex on the inner 
surface of the fourth metatarsal bone 
and of the base of the fifth metatarsal 
bone 


radiopaque substance produced a peculiar feathery or “hair-brush” appearance The 
outlines of the bony structures were almost completely obliterated by the injected ves- 
sels (Fig 3) 

The injection was followed by partial occlusion of the vessels, with reduction of the 
swelling of the foot In view of the favorable result, the procedure was repeated three 
weeks later, using 2 cc of a 5 per cent sodium morrhuate solution but selecting on this 
occasion the plexus beneath the external malleolus for injection Three subsequent injec- 
tions of sodium morrhuate were employed to occlude isolated groups of veins Following 
the use of the sclerosing medium, there was a temporary copperish discoloration of the 
skin which quickly subsided Within ten days, the pain had disappeared In six weeks, the 
ulcer had healed and the patient was able to walk about and soon engaged in the usual 
normal activities of a boy of his age Subsequent attempts to reinject the larger vessels 
were unsuccessful because they had been completely occluded Figure 4 is a photograph 
of the foot taken three years after treatment This patient was seen about six months 
ago, at which time a few small, patent vessels were still present between the first and 
fifth metatarsal bones but these were symptomless and too small to require further 
treatment 

Case 2 — Hosp No J-8127 T G , male, age three, was seen July 21, 1937 The 
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mother stated that the child has had “red spots” and irregular painful swellings in the 
right forearm and hand since birth 

Physical Evaitnuaiwn — Flat, fluctuating masses were felt on the dorsal surface of 
the right forearm at the junction of its middle and distal one-third These masses 
measured about one and three-quarter inches in diameter, were somewhat sensitive and 
apparently not attached to the bones Many dilated veins were noted on the palmar 
surface of the hand The skin was somewhat bluish in color and redundant as though 
frequently stretched There were no evidences of acute inflammation The Kahn and 
tuberculin tests were negative 



Fig 3 — Cise r Roentgeno 
gram after injection of skiodm show 
mg all the bony landmarks obscured 
by the radiopaque solution in the 
vascular loops Feathery “hair 
brush” appearance of vessels 



Fig 4 — Case i Photograph 
three years after injection showing 
the scar replacement of the original 
ulcer and the restoration of the con 
tours of the foot 


Preliminary roentgenologic examination showed the right ulna slightly increased in 
width The medullary canal was ill-defined and in the middle one-third of the shaft was 
obliterated, whereas in the proximal one-third it appeared to be slightly expanded The 
cortex was thinned out, somewhat irregular in contour, and, m scattered areas, split 
longitudinally The periosteum was irregularly thickened In the soft tissues of the 
forearm at about the level of the junction of its middle and distal one-third and some- 
what posteriorly placed, there was a fusiform soft tissue swelling within which a phlebo- 
hth was visualized The shafts of the third, fourth, and fifth metacarpal bones as well 
as the proximal phalanx of the fourth finger showed changes identical with those in 
the ulna Numerous other bones of the skeleton were examined and found to be negative 
On November 7, I935, large veins on the volar aspect of the forearm were distended 
by means of a tourniquet and 6 cc of diodrast injected Roentgenograms, taken immedi- 
ately, showed numerous, fairly large clumps of vessels in the soft tissues of the forearm 
from its middle one-third to the elbow joint posteriorly Identification of the individual 
loops was impossible Several scattered phleboliths were noted (Fig 5) 

Examination of the forearm, one week later, showed the masses to be definitely harder 
and the veins less prominent There were still, however, several dilated veins in the 
lower end of the forearm and these were injected with 2 cc of sodium morrhuate 
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Shortly thereafter 6 cc of diodrast were again injected in order to map out the tumor 
The roentgenogram revealed a somewhat elliptical group of vessels on the inner and 
posterior surfaces of the forearm extending from the level of the styloid process to the 
middle of the ulna Some of the collateral vessels were outlined but the mam stream 
of the dye detoured around, but did not fill, the preexisting tumor It was apparent, there- 
fore, that It had been completely sclerosed (Fig 6) 

Examination of the patient, three weeks later, showed that the tumor of the forearm 
had been completely obliterated, pain had disappeared, and the nevus was lighter in shade 
Case 3 — Hosp No 66079 A B , colored, female, age three, was admitted August 
14, 1937 The mother stated that since birth she had noted a smooth tumor of the left 
lower extremity which grew slightly as the child developed Although there was no pain 
while at rest, the child complained at times after walking short distances The mother 
stated that she herself has had a positive Wassermann for the past two years Blood 

and spinal Wassermann examinations 
on the child done elsewhere, however, 
were reported negative 

Physical Examwatioii — The lower 
extremities were of equal length but 
the circumference of the left leg meas- 
ured eight inches, whereas that of the 
right leg measured seven and one-half 
inches On the anterior surface of the 
left leg, there was a hard, irregular 
swelling which seemed to be adherent 
to the skin There was, likewise, a 
swelling on the internal and dorsal as- 
pects of the foot but this swelling was 
softer than the mass in the leg and defi- 
nitely movable Lymph nodes could be 
palpated in the cervical, inguinal, axil- 
lar>, and epitrochlear regions 

Roentgenologic examination dis- 
closed an irregular soft tissue mass at 
the level of the middle one-third of the 
left leg anteriorly, which appeared to 
extend backward into the muscles of 
the calf There was, likewise, a soft 
tissue swelling on the dorsum of the 
foot, which extended to its lateral 
borders There was no disease m any 
of the bones of the left leg or foot 

Because the condition had existed 
since birth, the presence of the ade- 
nopathy, and since the mother was a 
known luetic, it was considered syphi- 
litic m origin Accordingly, 0 12 Gm 
of neosalvarsan was administered in- 
travenously and shortly thereafter, 0 5 cc of bismuth subsalicylate was given twice weekly 
for several weeks The Wassermann and Kahn tests, twice repeated, were pronounced 
negative, but despite this fact the antiluetic therapy was continued About this time, the 
results of a previous biopsj of the mass, performed at another hospital, were communicated 
to us The interpretation of that section was “chronic granulomatous tissue ” The patient 
was discharged October 6, 1937 



Fig 5 — Case 2 Roentgenogram after injection 
of diodrast sho>ving innumerable dilated vascular 
loops Note the soft tissue swelling in this area 

Fig 6 — Case 2 Roentgenogram after injection 
of louer group of dilated \essels Note that the orig 
inal tumor has been obliterated, and the mam stream 
of the dye detours around the preexisting tumor 
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On October 15, 1937, the child was readmitted At this time, there was a fairly 
pronounced limp, and edema of the left lower extremity The circumference of the left 
leg at this time was eight and one-half inches and of the right leg, seven inches Anti- 
luetic therapj was again instituted Roentgenologic examination, at this time, disclosed 
a pyriform, circumscribed soft tissue mass on the posterior and internal aspect of the 
calf There was no involvement of the underlying tibial shaft Because of our preiious 
experience, the suggestion was made that we might be dealing with a muscle angioma 
After a period at the hospital, during wdiich antiluetic treatment was continued, the 
patient w'as discharged unimproved 

On February 7, 1938, the patient was admitted for the third time The mother 
stated that for a time since the previous discharge the child had felt quite well The 
swelling of the left leg had practically disappeared and the child had been able to carry 
on the usual activities of a joungster of this age About two weeks ago, however, the 
left leg and foot became swollen overnight Although there was no definite discomfort 
at first, the pain during the last few days, however, had returned and become increas- 
ingly severe 

Physical Examviafioiij at that time, revealed a generalized swelling of the left lower 
extremity from just above the knee joint to the toes There rvas, in addition, local swell- 
ing behind and below the malleoli There ivas a scar over the middle of the tibia on its 
anterior aspect At the upper portion of the scar, there was a little thickening, and about 
two inches below the spine of the tibia, overlying the crest, there was a small hard 
mass measuring about one-half by three-eighths of an inch, attached to the skin and 
freely movable on the underlying tissues There was a generalized swelling of the leg 
Two discrete, slightly tender masses were noted behind the external malleolus In both 
groins, there were rather discrete, shotty, lymphadenopathies No epitrochlear nodes 
were felt but there was a slight axillary adenopathy Again, antiluetic therapy was 
advised In the absence of all therapeutic response, a biopsy was performed February 9, 
1938 The surgical pathology showed “Underlying the skin, was found a firm mass 
which was completely encapsulated and winch could be bluntly dissected from the sur- 
rounding tissues At the upper pole of the mass, a nerve was seen running into it This 
mass was split and the nerve followed through its entire course into, through, and out 
of it It was possible with extreme care to free the nerve completely from the mass 
Within the tumor, w'ere areas of old hemorrhage and cjsts containing clear straw- 
colored fluid Bleeding was easily controlled ” 

The report of the section removed at operation (Path No B-18S93) was “diffuse 
angiomatosis of the leg” About a fortnight later 20 cc of hippuran ivas injected into 
the mass of veins on the dorsum of the leg The roentgenogram revealed a generalized, 
diffuse dilatation of the vessels of the calf as uell as in the popliteal area Small, circular 
densities suggested the presence of phleboliths (Fig 7) 

The patient was seen in October, 1938 There ivas an excellent result from the 
injection, most of the dilated veins had been obliterated but there was still present a few 
radicles in the foot which w'ere to be further treated but the patient disappeared from 
observation 

Case 4 — Hosp No F-07085 H B , male, age 17, was seen May 28, 1934 The 
patient stated that he had been struck on the inner and posterior surfaces of the left 
elbow joint, 14 jears previously, and that four months later, he developed a soft tissue 
swelling in this area which had progressively enlarged 

Physical Braimuatwu revealed a lobulated, semielastic mass on the ulnar surface of 
the elbow joint and extending as far forward as the interosseous ridge of the humerus 
This mass appeared to contain fluid and seemed to communicate with the elbow joint 
Supination and pronation were slightly, if at all, limited The ulnar nerve could be felt 
running through the tumor and it appeared to be displaced from its normal bed Pressure 
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over the swelling caused a typical ulnar nerve response but there was no evidence of 
ulnar nerve paralysis The Wassermann and Kahn tests, performed immediately after 
admission, were negative 

Roentgenologic examination revealed a fusiform, soft tissue mass on the ulnar surface 
of the forearm extending from the internal condyle of the humerus to the distal one-third 
of the ulna Within this tumor, several phleboliths were demonstrated There was some 
irregularity in the cortex of the ulna adjacent to the mass 

On July 9, 1934, the patient was operated upon and “a huge mass containing bloody 
fluid was encountered As soon as dissection was started, a great deal of bleeding re- 
sulted As the muscles were divided, a large cavity was found extending from the 
epicondyle down to the lower one-third of the forearm on its medial aspect There 
were no veins or any other abnormal tissues in the cavity except two rounded masses, 

one having the color of a rice body and as large 



as a pea and, the second, black m color and about 
the size of a lentil ” 

Pathologic Examination — Section showed 
numerous bits of muscle and collagenous tissue 
The larger lobulated body was a thrombus Nu- 
merous thicker- and thm-walled blood vessels 
were seen 

Pathologic Diagnosis “Intramuscular hem- 
angioma ” 

Accordingly, shortly thereafter, 10 cc of 
skiodan was injected into a prominent vein in 
the upper one-third of the forearm and roent- 
genograms made, which showed large clumps of 
dilated vascular loops on the inner aspect of the 
forearm in its proximal third The upper limits 
of the mass reached the external condyle of the 
humerus and its outer edge was in intimate con- 
tact with the shaft of the ulna Within the 
tumor, were numerous phleboliths which had 
been visualized previously (Fig 8) 

The patient was examined about one week 
later, and the tumor was found to be definitely 
smaller, and an additional 10 cc of skiodan was 
injected A subsequent attempt to reinject the 
vessels was only partially successful, as they 
were practically completely obliterated (Fig 9) 
The patient was last seen about one year later 
and, at that time, the mass was considerably re- 
duced in size, the vessels completely obliterated, 
and pain had completely disappeared 

CONCLUSIONS 


Fig 7 — Case 3 Roentgenogram 'ifter 
injection of hippuran sho\Mng diffuse dila 
tation of the vessels of the leg Note the 
numerous phleboliths 


By injections of radiopaque solutions, 
such as aie commonly employed m in- 
travenous urography, angiomata may be 
visualized and roentgenographically re- 


corded Although these chemicals possess sclerosing properties, they 


are best utilized for diagnostic purposes, and to determine the extent of 
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sclerosis following the injection of obliterating media By the use of these 
chemicals, open operation may be avoided and satisfactory relief obtained 



Fig 8 — Case 4 Roentgenogram Fig 9 — Case 4 Roentgenogram 
after injection of sktodan illustrating one week after Figure 8 Second 
localized dilatation of vessels Ra injection of skiodan fills only the 
diopaque substance obscures the phleb superficial vessels The large tumor 
oliths is obliterated Note the phleboliths 
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ACTIVE IMMUNIZATION AGAINST TETANUS 

Herman Gold, M D 
Chester, Pa 

Ramon and otheis-"-^* have pioposed diat vaccination with tetanus toxoid 
be employed as a i outine public health measure m oi der to overcome the Avell 
known limitations of passive immunization and to piovide a peimanent im- 
munity against tetanus 

Naturally, the fiist question that arises is how much antitoxin must be 
present m the blood to msuie against the development of tetanus in the pres- 
ence of a wound infected with Cl tetani'^ No one knows Animal expeii- 
ments are inconclusive Sneath, Kerslake, and Scruby^ injected a lethal spore 
dose into a group of 55 guinea-pigs actively immunized by means of tetanus 
toxoid and found that So per cent of the animals were completeljf piotected, 
II per cent weie partially protected, and 9 pei cent died of tetanus From 
their studies it would appeal that m the guinea-pig, the level of o 01 unit of 
tetanus antitoxin pei cc of serum is a critical level in active immunization 
Above that level, m 45 animals 13 pei cent showed signs of tetanus, from 
which they recoveied, while the lemainmg 87 pei cent weie completely 
protected 

The incidence of localized tetanus in 13 per cent of the immunized animals 
is, however, worthy of emphasis since in the human being, one must strive 
for complete protection in all cases 

In a similar type of experiment Cowles- encountered the same inconsist- 
ency in the antitoxin level lequired for protection as noted by Sneath and 
concluded that although it is piobably impractical to define the minimum 
titer which will assuiedly protect against tetanus, antitoxin values of o 10 or 
o 20 unit per cc of serum can give a fairly cei tain protection 111 immunized 
guinea-pigs and mice at the time of infection This author felt that though 
o 10 unit IS not sufficiently great to piotect all animals against a maximum 
infection, it is probably much larger than is necessary to care for many infec- 
tions resulting from wounds judged to be too slight for surgical attention, 
and probably large enough to caie for the majority of injuries that leceive 
surgical treatment 

Bergey and Etris^ ^ have suggested that o 01 unit may be satisfactory for 
protection In a latei publication'' these workeis maintain that 001 unit is 
“the least amount of antitoxin necessary for piotection and is based on the 
finding in the serum of the person who showed least response to the antigenic 
effect of the toxoid one yeai after the second dose This individual had 001 
of a unit of tetanus antitoxin ” This finding cannot, howevei , be accepted as 
indicating the protection level against infection 

We believe that, in the piesent state of our knowledge, active immuniza- 
tion must, to be of value, engendei at least a titer equivalent to that produced 
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by the subcutaneous injection of 1,500 units of tetanus antitoxin Serial 
titiations done by us® aftei such a prophylactic injection levealed the pres- 
ence of o 10 to o 25 unit of antitoxin pei cc of blood seiiiin (Chait i) Hence 
we consider 010 unit as the minimum requiied for protection It may be 
argued that this level is too high since less than 1,500 units may suffice for 



Chart i — ShQ^\lng duration and extent of passive immunization following administration of 

1,500 units of tetanus antitoxin 

passive immunization Yet we feel that until direct and conclusive evidence 
exists on this point it is safei to err on the side of conservatism, and propose 
that no subject be considered immune unless he has at least 010 unit of anti- 
toxin per cc of serum following the injection of a primary course 01 "lepeat” 
dose of tetanus toxoid 

Method of Immimsafwn — Two types of antigen are now m use In 
Fiance and Canada the plain tetanus toxoid is employed The entire French 
Arm)' as well as many thousands of civilians have been immunized with thiee 
doses of I o, I 5 and i 5 cc of the plain toxoid given at intervals of three 
weeks This schedule produces, according to Ramon, a high-grade immunity 
which lasts several years ® 

In England, the Royal Air Force has been immunized with two i o cc 
doses of plain toxoid given about six weeks apart This schedule is based 
upon Boyd’s^^ observations that two doses of plain toxoid given six w^eeks 
apart are as effective as three doses given at close intervals In the United 
States, tetanus toxoid, alum-precipitated, has been used almost exclusively 
Jones and Moss^“ w^orking with both plain and alum-pi ecipitated toxoids 
found that two injections of the alum piepaiation produced a greatei and 
quicker immunity than three injections of the plain toxoid Similar lesults 
were obtained by us We also found that the dose, the potency of the alum 
toxoid, and the mteival betw^een injections were impoitant factors m deter- 
mining the height and duration of the titer produced Thus, wdien w^e^'* com- 
pared tw'O senes of patients that received diffeient doses of the same lot of 
alum toxoid w^e found that at the end of 91 days after the second dose only 
1 1 7 per cent of the group that received tw^o i o cc doses di opped below' o i 
unit w'hile m tbe 0 5 cc group 42 8 per cent of the subjects show'ed less than 
o I unit At the end of 181 days 53 3 per cent of the i o cc group had less 
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than o I unit while 75 per cent of the o 5 cc group dropped below this value 
It IS obviously not a question of volume alone but also of the antigenic potency 
of the volume injected Thus o 5 cc of one lot of toxoid may be equivalent 
in potency to i o cc of another lot The official standard for tetanus toxoid* 
IS a minimum standard, and commercial preparations available on the mar- 
ket vary considerably in their potency 

The length of time allowed to elapse between the two injections of alum 
toxoid IS of definite importance When the second injection of i o cc of 
alum toxoid was given by us one to four weeks after the first dose,® we failed 
to note any appreciable increase m titer If given beyond this period a prompt 
and decided rise m titer occurred McBryde,^® Hall,^’’ and Cowles^ gave the 
two injections at intervals of 73 days, six weeks and ii weeks, respectively 
We prefer to inject them about three months apart because we feel that 
the longer interval favors the development of a higher antitoxic titer Jones 
and Moss^® have recently expressed a similar belief, although they had al- 
lowed a one month interval between the two injections 

Antitoxic Immunity — The first injection of i o cc of alum toxoid does 
not result in any appreciable increase m the titer of most subjects Only 
an occasional patient shows a rise to o i unit Apparently the first dose of 
toxoid prepares the antitoxin-producing cells in such a way that following in- 
jection of the second or subsequent doses there occurs a rather prompt release 
of antitoxin This takes place even after five years have elapsed between the 
two injections Age, sex, and color do not affect this mechanism We have 
found that an acute infectious process such as lobar pneumonia interferes with 
the development of antitoxin while syphilis (latent) and active allergic states 
such as hay fever and bronchial asthma do not 

After the second injection, values of o 10 to ten units per cc of blood 
serum have been reported by us, and otheis ^ To obtain equiva- 

lent titers would require the injection undei the skin of many thousands of 
units of antitetanic serum (Table I) Naturally the rate of development of 
this protective titer is of utmost importance After the second injection, five 
to 14 days may elapse before o i unit of antitoxin appears in the blood The 
maximum values are obtained at the end of one month Thereafter, a loss in 
titer occuis which is most marked during the first three to six months Some 
subjects show less than o 10 unit at the end of three months but the great 
majority do not drop below this level until after six months A few retain a 
good protective titer for moie than two years In the last seven years we 
have encountered only one refiactory subject but he responded well to a third 
injection Individual variations in antitoxin response are very prominent 
Because of this and the absence of a simple test to determine the state of anti- 
toxic immunity, it is necessary to raise the antitoxin titer of the blood to a 
protective level at the time of injury 

* A human dose (0 5 or i 0 cc ) injected subcutaneously into guinea-pigs of 500 Gm 
weight, shall, in a period of four to six weeks, engender at least two units of antitoxin per 
cc of serum 


1062 




Volume 114 
Number 6 


TETANUS IMMUNIZATION 


Table I 

TETANUS TOXOID, ALUM-PRECIPITATED 


Baste {Primary) Course Two i o Cc Doses given go Days Aparl 




Titers in Units of Antitoxin Per Cc of Blood Serum 

Number of Subjects 

Percentage 
of Subjects 
V ith 0 10 

iNuiuucr 01 

Subjects 

Tested 

JL llllw 

Second 

Dose 

—0 10 

0 10 

-bo 10 
—0 25 

0 2S to 

0 SO 

0 SO to 

I 0 

I 0 to 

30 

3 0 to 

10 0 

Unit or 
More 

14 

I wk 

4 

I 

I 

8* 

- 

- 

— 

71 4 % 

16 

2 wks 

— 

- 

— 

i 3 t 

- 

2 

I 

100 % 

IS 3 

I mo 

— 

3 

19 

14 

29 

71 

17 

100 % 

60 

3 mos 

5 

6 

— 

24 

18 

6 

I 

91 6% 

59 

6 mos 

17 

11 

13 

13 

4 

I 

— 

71 1% 

SO 

9 mos 

21 

18 

4 

4 

2 

1 

— 

S8 0% 

39 

12 mos 

17 

IS 

3 

3 

I 

— 

— 

S 6 4% 

30 

20-22 mos 

21 

3 

2 

3 

I 

— 

— 

30 0% 


* Six subjects had -i-o 25 unit 
t Eleven subjects had -fo 25 unit 
-b More than 
— Less than 

Secondmy Stimulation — '‘Repeat” Dose — In 1927, Ramon called atten- 
tion to the value of the injection “de lappel” Since then it has been defi- 
nitely established that the injection of a thud “repeat” dose of alum toxoid 
(secondary stimulus) will effectively laise the titer above the level of protec- 
tion Titers of o 25 to more than ten units have been reported after such a 
“stimulating” dose 2- is, 21, 23 Again, the rate of increase of the titer is of 
the utmost importance To be effective the increase must be rapid, before 
the incubation peiiod of tetanus expires The latter is usually given as fiom 
SIX to 14 days and is directly proportional to the amount of toxin and the 
severity of the disease We^^ have found that five to seven days elapse after 
the “repeat” injection before a titer of at least o i unit appears m the blood 
(Table II) This should prove satisfactory since we are dealing heie with an 

Table II 

TETANUS TOXOID, ALUM-PRECIPITATED 

Anliloxtn Response lo a “Repeal ' Third Dose {i o Ce) given Nine to Twelve Months Iftcr Completion of 

Basie Course of Immunization 


Titers m Units of Antitoxin Per Cc of Blood Scrum Percentage 

Number of Subjects of Subjects 


Number of 
Subjects 

Time After 
Third 



-bo 10 

0 25 to 

0 so to 

I 0 to 

3 0 to 

n ith 0 I 

Unit or 

Tested 

Dose 

—0 10 

0 10 

—0 25 

0 50 

1 0 

3 0 

IS 0 

More 

I 

2 days 

I 







0 % 

5 

3 days 

4 

I 






20 %* 

14 

4 days 

12 


I 

I 




14 2% 

16 

S days 

I 

2 

2 

S 

I 

S 


93 7 % 

7 

6 days 

I 


I 

2 


3 


8S 

24 

7 days 




2 

2 

II 

9 

100 % 

31 

I mo 



I 

2 

3 

13 

12 

100 % 

27 

3 mos 



I 

6 

6 

12 

2 

100 % 

28 

6 mos 

3 

2 

3 

7 

8 

S 


89 2% 

21 

9 mos 

3 

3 

3 

4 

S 

3 


8S 7 % 

19 

12 mos 

3 

2 

3 

7 

4 



84 2% 

IS 

15-19 mos 

S 


4 

S 

1 



66 6% 


* Percentage irregularity accounted for by small number of subjects tested 
-b More than 
— Less than 
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active immunity that is actually on the increase It has also been reported by 
Jones and Moss,“^ and by us,^’^ that after injection of the “lepeat” dose there 
IS a tendency for the titer to be retained ovei a longei period of time than 
after the basic course of immunization This is well illustrated by a com- 
parison of tbe titers in Tables I and II 

McBryde^*^ and others^^ have suggested that if the wound of an 

immunized subject became infected with tetanus spores, piotection would be 
maintained by an outpouring of antitoxin in response to the fiist threat of 
invasion by toxin If true, this would be of tremendous value because it 
would make any furthei “lepeat” injections of toxoid unnecessar) No 
human observations exist on this point Jones and Jamieson-'^ found that a 
massive dose of tetanus spores did not markedly accelerate the production of 
antitoxin in guinea-pigs that had been previously immunized with alum tox- 
oid Some of the animals had as high as foui units and yet they developed 
localized tetanus from which, howevei, they lecovered Boyd’^’^ interprets 
Jones’s results differently He argues that the titei in the test animals was 
so high that it is probable that the toxin pioduced by the germinated spores 
was immediately neutralized and failed to reach the reacting mechanism in 
a form capable of provoking antitoxin production Wolters and DehineP® 
have presented experimental evidence that actively immunized animals may 
survive spore infections with production of increased titers In a very inter- 
esting study, Zuger, Greenwald, and Gerber^® found that guinea-pigs im- 
munized with a single injection of l Ml of tetanus toxoid will react subse- 
quently with an increased antitoxin titer when infected with a lethal dose of 
spores The rise in titer will first be evident on the seventh day after infec- 
tion in some of the guinea-pigs, especially in those that are without symptoms 
or if with symptoms, in those that will recover This rise is small, a significant 
one not taking place until the eighth to tenth day, in contrast to the significant 
rise in titer that takes place on the fourth to fifth day when similaily prepared 
animals are given toxin instead of spores They also found that when an 
additional dose of toxoid is injected simultaneously with the spores, a sig- 
nificant rise in titer is evident on the fifth day The authors concluded that 
there is no evidence that the increase in titer induced by infection with spores 
can have sufficient protective effect, as hoped b}!- some 

From these studies it is clear that a “repeat” injection of toxoid should be 
given whenever an injury occurs 

Associated and Combined Immunization — The French weie the first to 
call attention to the possibility of simultaneous immunization against several 
diseases by the injection of mixed antigens Ramon and Zoeller,’^ and Sac- 
quepee, Pilod, and Jude^®' have reported on the use of an “associated” triple 
vaccine against typhoparatyphoid fever, diphtheria and tetanus Immuniza- 
tion was accomplished by the injection of three doses of this triple vaccine 
followed by an injection “de lappel” for the purpose of reenfoicing the diph- 
theria and tetanus antitoxin titers In this country Jones and Moss-- have 
reported on the use of a combined diphtheria and tetanus toxoid, alum- 
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precipitated They found that a good basic immunity was established by this 
mixed antigen and that its injection as a stimulating dose produced not onl} 
an immunity that was much greater than that obtained with the two primaiy 
injections but one that was piolonged ovei a much greater interval They 
also found that the combined toxoid did not interfere with the specific immu- 
nity response to each disease 

In addition to this “associated” immunization against several distinct dis- 
eases, Ramon^® has also proposed the use of the combined active and passive 
method of immunization for the prophylaxis and treatment of tetanus He 
found that active antitetamc immunization could be realized by the simul- 
taneous injection at the time of injury of both antitetamc serum and toxoid, 
followed by two doses of toxoid alone, at intervals of two or three ^\eeks 
Patients tieated by serovaccmation have the same antitoxic response to a 
subsequent “reenfoicmg” dose of toxoid injected several months oi a year 
later, or later still, as patients who had been vaccinated with toxoid alone 
These findings have been confirmed by Sacquepee and Jude 

In the presence of tetanus, Ramon, et a] advise the adimmstiatioii of 
“150,000 I U of antitetanus serum and 2 cc of tetanus toxoid given in dif- 
ferent sites Gradually piogressive doses are then repeated at intervals of 
five or SIX days — 2, 4 or 6 cc of toxoid for instance Later, ‘reenforcing’ 
doses of toxoid may be given, they are harmless and of real benefit Ramon 
stated that experimental investigations and clinical tests made upon patients 
brought evidence that active immunization due to injections of toxoid follows 
without interruption of the passive immunization due to serothei apy ” This 
observation is of ciucial importance because of the possibility that the injected 
antitoxin serum (passive immunity) would neutralize the toxoid in vivo and 
thus interfere with the development of an active immunity Complete agree- 
ment on this question does not exist as yet Thus, Otten and Hennemann'^® 
have recently reported that active immunity induced in the gumea-pig by 
formol toxoid appears to be inhibited by the presence of passive immunity 
They found that the third to sixth week constitutes the ciitical period because 
at this time passive immunity becomes exhausted while active immunity has 
not reached the required level We are now investigating this problem 

Secondaiy Stimulation by the InUanasal Route — Because tetanus toxoid 
must be injected repeatedly for stimulating purposes, we have investigated 
the possible use of other routes for the administration of the antigen We^'"' 
have found that after a basic (pi unary) immunity has been established by 
the injection of two doses of alum toxoid given three months apart, we are 
able to raise the antitoxin level of the blood by the instillation in the nose of 
a specially prepaied tetanus toxoid (Topagen'’') The administration of 
two to thiee drops (about o i cc ) of tetanus toxoid Topagen in each nostril 
on three successive days will raise the antitoxin titer to a protective level (o i 
unit or more) m seven to 14 days (Table III) 

* Manufactured bj the klulford Biological Laboratories, Sharp S. Dobme 
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Table III 

INTRANASAL STIMULATION WITH TETANUS TONOID TOPAGEN 

Three Daily Intranasal Instillations Given in Lieu of a Third" Refeat' Injection Seven Months After Completion 

of the Baste Course of Immunization 


Antitoxin Response 14 Days After the First Instillation 
Titer in Units of Antitoxin Per Cc of Blood Serum After Intranasal Stimulation 


Number 

of 

Subjects 





Number of Subjects 




Control* 


+0 10 

+0 25 

+ 0 50 

+1 0 

+3 0 

4 -S 0 

-f 10 0 

Tested 

Titer 

0 10 

—0 25 

—0 so 

— 1 0 

-3 0 

-s 0 

—10 0 

-IS 0 

90 

—0 10 

I 

9 

17 

20 

27 

12 

4 

_ 

5 

0 10 

— 

— 

2 

— 

3 

— 

— 

— 

26 

+ 0 10 

— 

— 

4 

7 

7 

s 

2 

I 

9 

—0 25 
+0 25 


_ 

— 



4 

3 

2 

_ 


—0 50 










* Control bleeding obtained just before first instillation 
+ More than 
— Less than 

The nasal treatments should be repeated every six to 12 months in ad- 
vance of an injury Experience to date, covering a large series of subjects 
that have been followed-up for more than a year, suggests that this combined 
method of active immunization by the subcutaneous and intranasal routes is 
a safe, simple, and effective means of producing and maintaining a solid im- 
munity against tetanus Its advantages are obvious 

Reactions — The injections of tetanus toxoid, alum-precipitated, produce 
in many subjects a local reaction that varies in intensity This local inflam- 
matory response is more prone to occur if the toxoid is injected superficially 
under the skin, and is apt to be more intense after repeated injections of 
toxoid It usually subsides in 24 hours Occasionally, there is an associated 
aching and malaise The most important reaction encountered is that due 
to sensitization This may assume the form of anaphylactic shock, urticaria, 
or bronchial asthma The French,'^ ® ® whose experience covers many hun- 
dreds of thousands of injections, have failed to report any untoward reaction 
The British^® have encountered two cases of nonfatal anaphylactic shock 
following the second injection of plain tetanus toxoid Both patients gave 
positive skin tests to Witte peptone which was present in the injected toxoid 
In this country, Cooke^® has called attention to the sensitizing properties of 
alum toxoid due to the presence of peptones and has reported several in- 
stances of allergic reactions such as asthma and hives following the second 
injection of alum toxoid He recommended the use of a synthetic medium 
for the growth of Cl tetam and the routine performance of skin tests prior to 
the toxoid injection We^® have reviewed the collective experience of several 
workers in this field and found only two cases of urticaria in over i 700 
immunizations with two or more doses of alum toxoid Similarly, Hall,^^ in 
a review of his large experience at the U S Naval Academy, encountered 
four instances of urticaria and one of frank anaphylactic shock among 1,800 
subjects that had received a second dose of “inadequately washed,” alum- 
precipitated, tetanus toxoid No reaction occurred following the injection of a 
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second dose of a well prepaied toxoid m 1,293 additional subjects Hall con- 
cluded that an alum-precipitated toxoid, thoroughly washed, is a safe im- 
munizing agent and should not pioduce reactions of sensitization The paucity 
of reports of clinical sensitization is m marked contrast to the high frequency 
of positive skin tests to the various components of the toxoid (especially to 
the peptone) obtained by us Moieover this lack of correlation between 
the skin and the clinical evidences of sensitization is fuither illustrated by our 
ability to administer to four patients a full dose of tetanus toxoid, alum- 
precipitated, in the presence of marked positive skm tests without any un- 
toward reaction Actually, two of the subjects were asthmatic children 
Hence, we feel that skin tests with tetanus toxoid aie not a reliable guide for 
the detection of clinical sensitivity which may occasionally develop folloivmg 
injection of the toxoid As in any other immunizing piocedure epinephrine 
HCl should be kept on hand for the control of any reaction In this respect, 
it IS perhaps w oith while to recall the fact that m 1927 Ramon and Zoeller'^” 
reported on the successful use of the intranasal route for immunization against 
diphtheria in subjects that were extiemely sensitive to diphtheria toxoid and 
could not tolerate its injection 


CONCLUSIONS 

Active immunization against tetanus is both practical and safe A basic 
(primary) immunity can be established by the injection of hvo doses (o 5-1 o 
cc ) of alum-precipitated or plain toxoid given about thiee months apart 
Thereafter, a “repeat” injection of toxoid (i o cc ) should be given ivhenever 
an injury occurs This will serve to raise the antitoxin level of the blood of 
the immunized subject to a protective level In lieu of these “repeat” injec- 
tions, intranasal instillations of tetanus toxoid Topagen (o i cc in each nostril, 
on three successive daj^s) can be given ivith advantage These instillations 
should be repeated periodically every six to 12 months They will then pro- 
duce a solid immunity against tetanus, m advance of an injury It also appears 
that immunization against tetanus, diphtheria, and typhoid fever can be accom- 
plished simultaneously by the injection of a mixed antigen 
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THE INFLUENCE OF TEMPERATURE ON WOUNDS 

Barney Brooks, M D , and George Duncan, M D 

Nashville, Tenn 

FROM THE DFP^RTMENT OF SURGERI, ^ ^NDERBILT tJM\ ERSITF feCHOOE OF MEDICINE, NASiniLEI, TENS 

The use of local applications of heat oi cold foi the tieatment of disease 
IS as old as lecoided medicine Hippociates lecommends the application of 
heat by fomentation foi the relief of pam m “acute disease” but warns that if 
the pam is not lelieved, one ought not to foment foi a length of tune because 
this dues the lungs and piomotes suppuiation Within compai atively recent 
times, hot poultices of a gieat vaiiety of composition constituted a veiy large 
pait of the theiapeutic methods employed, but the faith in the efficacy of the 
substance oi diug composing the poultice laigely gave way to the opinion 
that any beneficial effect of the poultice was solely due to the fact that it was 
a means of local application of heat 

Although some practitioneis of medicine still believe that hot and cold 
applications each have then pecuhai indications, most physicians probably 
agree with John Huntei that neithei hot nor cold applications have any con- 
sideiable influence on the development of any pathologic piocess There is 
ample evidence foi the ti uth of this statement m the fi equency with which pi ac- 
titioners of medicine state that the choice of hot oi cold applications, as n ell as 
the method employed, is dependent solely on the comfort derived by the 
patient 

111 a previous publication^ the authors have reported an experimental study 
111 which it was shown that teinpei atui e was an nnpoitaiit factor m detei- 
mming the length of suivival of living tissues completely deprived of circu- 
lation The puipose of this papei is to report the results of an experimental 
study of the influence of temperatuie on the reaction of living tissues to injury 

The first experiments consisted in performing, with caieful aseptic pre- 
cautions, abdominal incisions m dogs, m some of which the wound was con- 
taminated by a standard dose of a broth culture of Staphylococcus aw eus 
Contaminated wounds and piesumably uncontammated wounds were pei- 
mitted to heal at body tempeiature, and a number of both types of wounds 
were subjected to both hot and cold applications during the period of healing 
These expeiiments showed a veiy maiked influence of temperature on both 
the gross and micioscopic charactei istics of the healing wounds All of these 
experiments, howevei, were discarded because of the lack of complete control 
01 ei such factois as unknown bacteiial contamination, differences in degree 
of hemostasis, diffeiences m mterfeicnce with blood supply to tissues, and 
diftei dices m amount of tiauina inflicted, i\hich Mould not only varj m dif- 
feient M'ounds but in the different parts of the same MOund The experi- 
mental method employed in the experiments forming the basis of this paper 
not only excluded the uncontrollable factors necessaiil} associated Mith an 
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abdominal incision, but produced a wound sufficiently small for the entire 
diameter of the wound to be included m a single microscopic section 

Dogs were used as the experimental animal Since it was necessary to 
restrain the animal throughout the entire couise of the experiment, anesthesia 
was constantly maintained by repeated subcutaneous injections of morphine 
sulphate After the removal of the ban fiom the entire back, the skin was 
cleaned with green soap, iodine and alcohol Three pans of symmetrical 
points were chosen so that two of these points could he subjected to the appli- 
cation of heat and two to the application of cold , while the third pair was not 
influenced by either hot or cold applications At thiee of the points chosen, 
o I cc of oil of turpentine was injected intiacutaneously with a No 27-gauge 
hypodermic needle At the other three sites chosen, o i cc of a 24-hour broth 
culture of Staphylococcus aui eus was similarly injected The Staphylococcus 
aiaerts used was obtained from a culture which had been propagated m the 
laboratory for a period of years, during which time it had maintained a con- 
stant virulence 

To each side of the animal’s back was fitted a thin rubbei bag which 
covered two areas of injection one of tuipentme and one of Staphylococcus 
ajiieus The lemaining two sites of injection, one of turpentine and one of 
Staphylococcus aui eus, were placed sufficiently far away so as not to be influ- 
enced by any alterations in temperature from the rubber bags An appro- 
priate system of tubes and electiic pumps maintained a constant circulation 
of cold water through one bag and hot water through the other Frequent 
measurements of the temperatuie at the point of contact between tbe rubber 
bag and the skin showed that on one side the temperature remained at approx- 
imately 10° C , while on the opposite side the temperature remained at 40° C 
All of these experimental lesions were as superficial as it seemed possible to 
produce a lesion appropriate foi this study Since all of the tissues studied 


EXPLANATION OF PIxATES 

Plate I, Fig i — Actual size color photograph of a lesion 48 hours after the intradermal injection 
of o I cc turpentine The lesion ^vas developed without the application of either heat or cold A central 
necrotic area is well defined, and there is some CMdence of beginning disintegration of the necrotic 
skin A surrounling zone of inflammatory reaction is clearlj shoun 

Fig 2 — The same lesion shown in Figure i, but 24 hours later, at which time there is relatively 
little change in the appearance of the surrounding zone of inflammTtor> reaction, but there is further 
progress in the disintegration of the necrotic center 

Fig 3 — Actual size color photograph of a lesion 48 hours after the intradermal injection of 
o I cc turpentine Immediately after the injection the lesion ■\^as kept continuously at a tempera 
ture of 40® C The central necrotic area shoA\s marked evidences of disintegration, and the area 
of surrounding infiammator\ reaction is larger than the field included in the photograph This sur 
rounding area was much more edematous than in the lesion permitted to de^elop at body temperature 
Fig 4 — The same lesion shown in Figure 3 but 24 hours after discontinuing the application of 
heat There is some diminution in the apparent intensitj of the surrounding inflammatory reaction 
There is further liquefaction of the central necrotic area 

Fig 5 — Actual size color photograph of a lesion 48 hours after the intradermal injection of 
o 1 cc turpentine Immediatel> after the injection the lesion was kept continuouslj at a temperature 
of 10® C The central necrotic area is not perceptibl> changed in appearance from that immediatelj 
after the intradermal injection of turpentine This area is surrounded by a narrow zone of increased 
redness which did not appear until more than 24 hours after the injection There was no visible 
swelling nor edema From palpation alone the lesion could not be differentiated from the normal 
skin 

Fig 6 — The same lesion shown in Figure s but 24 hours after discontinuing the application of 
cold The central area of necrosis has become clearlj differentiated and the surrounding skin shows 
well de\ eloped acute inflammatory reaction This lesion, which is actuallj g6 hours old, appears 
approMmatelj the same as one 24 hours old not subjected to cold or hot applications 

A comparison of Figures s and 6 shows not onh the marked inhibiting effect of cold on the 
de\elopment of the reaction of living tissues to injurj and on the postmortem changes which take 
place m necrotic tissue but Figure $ clearlj shows the impossibility of determining the extent or 
even the presence of severe damage to living tissue before the development of any neighborhood 
response in living tissue or the appearance of postmortem changes in dead tissue 
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were within a distance of o 5 cm from a surface which was maintained at 
a constant temperature by hot and cold applications, it appeared that the 
depth of change of tempeiature in the tissues need not be considered as an 
important influential factor Evidence that hot or cold applications do not 
exert an influence to any great depth will be subsequently presented 

Since a previous experimental study- had demonstrated that constant 
pressure exerts marked influence on living tissues, the size and shape of the 
bag were arranged so that a minimum pressure would be exerted upon the 
skin, and each bag was connected with a manometer in 01 der that the pressure 
exerted upon the skin was equal on each side 

(I) Results of E.xpe) intents m zvinch Aseptic Neciosis was Pioduced — 
In the lesions produced by intradermal injection of oil of turpentine, the area 
of necrosis in the skin was clearly visible a few minutes after injection, as an 
opaque yellowish spot approximately one centimetei in diameter If the tem- 
peratuie of the necrotic area and the sui rounding skm is maintained at 40° C , 
there is at the end of three hours definite induiation of the lesion with some 
swelling of the surrounding skin At the end of 24 houis there is a marked 
increase in the amount of swelling of the surrounding skm and a zone of 
redness occurs around the opaque yellow center The intensity of the inflam- 
matory reaction at this stage is shown in Plate III, Figure i At the end 
of 48 hours the acute inflammatory process has fully developed m the skm 
surrounding the lesion, and the necrotic center is beginning to show definite 
evidence of disintegration by autolysis (Plate I, Fig 3) 

If immediately after the intradermal injection of turpentine, the lesion pro- 
duced is continuously maintained at a temperature of 10° C , there is at the 
end of 24 hours no further gross change in the lesion nor m the surrounding 


Plate II, Fig i — Actual size color photograph of a lesion 48 hours after the intradermal injection 
of o I cc of a 24 hour broth culture of Staphylococcus aureus The lesion iias do eloped iMthout 
the application of either heat or cold There is an area of necrosis and suppuration with a relatnelj 
large area in which there are all the signs of acute inflammatorj reaction, most intense nearest the 
site of injection The extent and amount of the swelling and edema were more than is ciident 
from the photograph 

Fig 2 — The same lesion as showai in Figure i, but 24 hours later, in which there is a diminution 
m the intensity of the inflammator> process in the skin not immediatel} adjacent to the lesion There 
has been further liquefaction of the central necrotic area 

Fig 3 — Actual size color photograph of a lesion 48 hours after the intradermal injection of 
0 I cc of a 24 hour broth culture of Staphylococcus aureus Iramediatel> after the injection the lesion 
was kept continuousl> at a temperature of 40° C There is a well defined central necrotic area which 
shows definite evidence of softening and suppuration The surrounding skin shows shghtK more 
swelling and edema than about a lesion permitted to develop at bod> temperature The intensitv of 
the redness (partlj due to the effect of heat on normal skin) is much greater than about the lesion 
developed at bodj temperature 

Fig 4 — The same lesion as shown in Figure 3 but 24 hours after discontinuing the application 
of heat Unfortunatel>, the camera was not accuratel> focused when the photograph was made but 
it can be seen that there is diminution in the intensitv of the inflammatorj reaction on the skin not 
immediatelj adjacent to the site of injection The central necrotic area has undergone further 
liquefaction until it has become separated from the surrounding living tissues 

Fig s — Actual size color photograph of a lesion 48 hours after the intradermal injection of 
o I cc of a 24 hour broth culture of Staphylococcus aureus Immediatelv after the injection the 
lesion was kept continuouslv at a temperature of 10° C The onlj change which is shown in the 
skin at the site of the injection is a small area of bluish discoloration (Note The small red spots 
in the surrounding skin shown in the photograph are produced bv the shaving of the animals hair 
previous to injection) From palpation alone it was impossilile to locate the site of the injection 
There was no visible redness or edema This shows that low temperature will inhibit the develop 
ment of those conditions which usually make it possible to determine the extent and magnitude of 
damage to tissues 

Fig 6 — The same lesion as shown in Figure 5 but 24 hours after discontinuing the application 
of cold three hours after which the manifestations of an acute inflammatory process appeared in the 
skin surrounding the site of injection Twentv four hours after removal of the cold applications the 
central necrotic area is clearlv differentiated It is interesting and perhaps important that this 
necrotic area was in most instances considerablj larger than those in similar lesions developing at 
bodj temperature 
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skin, and a microscopic section shows no evidence of edema nor of leukocyte 
infiltration (Plate ID, Fig 2) At the end of 48 hours there is still no indu- 
ration nor visible swelling There is at this time only a nariow red zone 

surrounding the area of necrosis (Plate I, Fig 5) 

If the temperature of the area of necrosis pioduced by intiadermal injec- 
tion of turpentine is not altered by external application of either heat or cold, 
the intensity of the inflammatory process is distinctly less during any period 
short of 48 hours than about a lesion in the same period but which has been 
maintained at 40° C (Plate I, Fig i) The difference between the lesion 

maintained at 37° C , and the one at 40° C is less than that between the 

lesion at body temperature and one maintained at 10° C, and the differences 
are such as to suggest that if there were some method of measurement of rate 
of development of an acute inflammatory process, it would be proportionate 
arithmetically rathe: than geometrically to temperature m the range of 0° to 
40° C 

(//) Expci iments m Which the Staphylococcus Auteus Was Injected 
Intradeimally — The lesions produced by intradermal injection of the stand- 
ardized strain of Staphylococcus aweus which were not subjected to the influ- 
ence of hot or cold applications were remarkably constant m size, shape, 
extent of necrosis and rate of development The lesion 48 hours after injec- 
tion IS shown m Plate II, Figure i 

If the site of the intradermal injection of Staphylococcus aweus is main- 
tained at 40° C , the physical changes of the inflammatory process develop 
more rapidly and are of greater magnitude and intensity At 24 hours there is 
marked swelling, redness and induration about the lesion, and microscopic 
examination shows the characteristic picture of an acute suppurative inflam- 
mation (Plate III, Fig 3) At 48 hours there is a central area of necrosis, 
softening, ulceration and a purulent discharge (Plate II, Fig 3) 

If the site of inoculation of Staphylococcus aw eus is maintained at 10° C , 
there is at 24 hours a small area of slight discoloration (ecchymosis) about 
the puncture, and no visible change m the surrounding skin Microscopic 
examination shows only an occasional extravascular leukocyte near the tract 
of the needle (Plate III, Fig 2) It is interesting that there is more evidence 
of inflammation m the deep subcutaneous tissues m which there has been less 
reduction of the temperature At 48 hours the discoloration of the skin im- 
mediately adjacent to the puncture is increased m intensity and slightly m 
extent and micioscopic examination shows an increase m the number of extra- 
vascular leukocytes, but there is no evidence of edema and no evidence of 
necrosis The gross characteristics of this lesion at 48 hours are shown m 
Plate II, Figure 5 

(///) Changes in E-xpenniental Lesions aftei Cessation of Hot and Cold 
Applications — It is important to call attention to the fact that any observation 
of a condition existing m a wound is only significant when it is related to past 
or future developments A recent wound is m reality a combination and a 
mixture of many influential factors The magnitude or even the presence m 
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Fig I — Photomicrogr'ipli of 1 iesion 24 hours after the intridernn] injection of o i cc turpentine 
Imniedntely after the injection the lesion was kept coi timiousl\ at a temperature of 40° C The tx 
istence of a marked acute inflamniatorj reaction is shown In the presence of edema and a large number 
of extravascular polj morphonuclear leukoc> tes 

Fig 2 — Photomicrograph of a lesion 24 hours after the infradermal injection of o r cc turpcii 
tine Immediatelj after the injection the lesion was kejit continuousU at a temperature of 10° C 
Microscopic section shows no exideiice of iiiflamniation or necrosis 

Fig 3 — Photomicrograph of a lesion 24 hours af'er the intraderinal injection of o i cc of a 24 

hour broth culture of Staph\lococcus circus Immediatcle after the injection the le-ion wa- kept at a 

temperature of 40° C The section shows the characteristic microscopic picture of a seiere acute 111 
flamniatorj reaction At the top of the illustration ulceration and the presence of inirulent exudate are 
clearlj \ isible 

Fig 4 — Photomicrograph of a lesion 24 hours after the intradermal injection of o i cc of a 24 

hour broth culture of Stapinlococciis aureus immednteh aftei the injection the lesion wa^ kept con 

tiniiouslj at a temperature of 10° C The section shows no eeidence of necrosis nor inflaiiimatore 
reaction in the tissue nearest the surface to xvhtcli cold was applied The entire thickness of the sUin 
appears quite normal At the bottom of the illustration there is a definite infiltration of the subciita 
neons fat bx poh morphonuclear leiikocxtes This figure clearh illustrates the marked influence which 
cold exerts upon the deielopment of a tissue response to bacterial inxasion Tt also shows \cr\ clearh 
the relatixelv small depth of the influence exerted li% the application of cold to the surface 01 a liiing 
hcaltln animal with a normal circulation 
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large amount or the total absence of t\A o of the most important of these influ- 
ential factois, namely, injuiy to tissues and contamination with pathogenic or- 
ganisms, can be determined only by future developments Fiom the examina- 
tion of a microscopic section one could not testify as to whether the bloc of 
tissue from wdiich the section w^as cut came from a living oi dead bod>, nor 
whether it w'as killed before oi after sepaiation from the bod} Likewise, a 
bloc of necrotic tissue in a living animal is subject to the same postmortem 
changes as would occui anywheie else wuth the same enviionmental conditions 
of temperatuie, moisture and bacterial contamination 

Expel imental lesions produced by mtradermal injections of Staphylococcus 
aweus and turpentine and subjected to both hot and cold applications w’eie 
observed for varying penods aftei cessation of the hot or cold applications 
The changes occurring m and about the expei imental lesions during a period 
of 24 hours after discontinuing the applications of heat or cold ivere consid- 
ered as the most leliable evidence foi interpreting conditions existent at the 
time of removal of hot or cold applications This peiiod is long enough at a 
tempeiature of 37° C for necrotic tissues to show obvious postmoitem changes 
and for living tissues at body temperature to develop unmistakable signs of 
a response to injury Some of the changes occurring during this period are 
evident from a comparison of the photographs reproduced in Plates I and II 
Plate I, Figure 5 is a photogiaph of the lesion pioduced by mtiadermal 
injection of 0 i cc turpentine to which cold has been applied for 48 houis 
During this peiiod theie has been no demonstrable change m the central area 
and only very slight change in the sui rounding skin, wdiich is in sharp conti ast 
to the marked changes which have occuned in and about the same lesion 
maintained at body tempeiatuie and shown in Plate I, Figure i Without any 
knowdedge of subsequent developments, but wuth the infoimation wdnch could 
be obtained fiom the use of all available methods of examination of these ex- 
perimental lesions as they exist at the end of 48 hours aftei their development 
at different tempei atures, it would be difficult to avoid the conclusion that cold 
applications are an effective method of pi eventing undesiiable consequences of 
mtradermal injections of turpentine Subsequent changes after removal of 
cold show that this conclusion is inconect 

If cold applications to the experimental lesion produced by turpentine, and 
shown in Plate I, Figure 5, are discontinued at the end of 48 hours, the 
characteristic signs of an inflammatory reaction in the surrounding skm begin 
to appear in two 01 three hours The central area becomes more discolored 
and definite signs of postmoitem decomposition develop, and 24 hours after 
discontinuance of the cold application the lesion, wfliich is now 96 hours old, 
is approximately the same as a similarly produced lesion developing at bod} 
temperature for 24 hours Since low^ering of the temperature of the skm after 
the injection of turpentine could hardly influence the time at which necrosis 
took place or the amount of tissue wdnch w'as killed, the influence must ha\e 
been one of inhibition of postmortem change m the necrotic tissue and of the 
inflammatory process in the adjacent living structuies Whether the reaction 
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m the adjacent structures is absent because of the inhibition of the tissue’s 
normal response to a chemical poison (turpentine) or because of the inhibition 
of the production of toxin by autolysis of the necrotic tissue, is not known 
This should be determined by a comparative study of the influence of cold 
applications m a similar manner to an area of necrosis produced by some 
method in which a necrotizing agent would not remain in the tissues, eg, 
coagulation by heat or freezing 

If experimental lesions produced by Staphylococcus aw eiis and maintained 
at temperatures above or below body temperature for 48 hours are observed 
for an additional period of 24 hours after removal of hot or cold applications, 
the changes which occur are illustrated in Plate II The discontinuance of 
hot applications is followed by a diminution in the intensity of the redness of 
the surrounding tissues, but otherwise there are no more changes taking place 
than there are in a lesion subjected to neither hot nor cold applications The 
lesion which has been subjected to cold applications for 48 hours, and which 
at this time is a small area in which there is only ecchymosis with no evidence 
of reaction in the adjacent tissue, begins m two to three hours after the 
removal of the cold application to be transformed into a lesion with a sharply 
differentiated central area of distmtegiatmg dead tissue, surrounded by tissues 
showing the characteristics of acute inflammation At the end of 24 hours 
the lesion does not differ m gross appearance from one developing at body 
temperature, except that it usually shows a slightly larger necrotic center 

Although these experiments demonstrate conclusively that temperature 
exerts a marked influence on the development of the inflammatory process 
and on the postmortem changes in necrotic tissue, no experiments were per- 
formed for the purpose of study of any influence temperature might exert on 
an inflammatory reaction which had already developed The experimental 
lesions were the most superficial which could be produced and were, therefore, 
m structures whose temperature could be most influenced by external appli- 
cations The appearance of some reactive changes m the subcutaneous tissues 
indicated the relatively small depth of temperature alteration by the external 
applications The impossibility of cooling the deeper structures, which are 
constantly being perfused by warm blood, is obvious Furthermore, it is quite 
possible that cooling of the superficial tissues might operate to stimulate a 
more rapid development of reaction in the deeper structures in which there 
might be, because of a more abundant circulation, actually an increase in 
temperature 

Although the experiments m which the experimental lesion was produced 
by inoculation with staph3dococcus were markedly influenced by changes in 
temperature, the mechanism of this influence was not determined Whether 
the stimulus for the reaction was less because of inhibition of bacterial growth 
or diffusions of toxins, or whether there was an inhibition of reaction of the 
tissue, IS not known It is interesting that the area of necrosis which subse- 
quently appeared after cold application was larger than if the lesion developed 
at body temperature 
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It IS also worth while to point out a possible bearing these experiments 
may have on the pathogenesis and treatment of surgical shock Reduction 
of the temperature of the tissues certainly exercises a marked efifect on the 
exudation of fluids into tissues and on the disintegration of devitalized tissues, 
so that no matter which of the two most generally accepted theories of shock 
IS accepted, it would appear that the results obtained m these experiments do 
not support the generally accepted use of the application of external heat for 
the prevention or treatment of surgical shock In surgical shock the tem- 
perature of the cold, bloodless extremities would be more influenced, eii masse, 
than extremities with an abundant circulation 

These experiments at least suggest that theie is reasonable doubt of the 
wisdom of inhibiting an inflammatory reaction by cold application oi of the 
universal application of heat to the extremities of a patient m surgical shock 
After all, these conditions are natural i espouses, and effoi ts to i evei se noi mal 
physiologic processes bring to mind the now univei sally discarded fever 
reducing drugs of the past 
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These experiments weie undertaken to determine the extent to which 
an epiphysis oi epiphyseal growth caitilage may regenerate when eithei one 
or both has been partially or completely destioyed That longitudinal growth 
of the shaft of bones which are preformed in caitilage occurs only fiom the 
anatomically intact epiphyseal cartilage plate has been accepted as a fact 

Selye’^ conducted experiments, the lesults of which he interpreted as 
reflecting some doubt on the complete accuracy of this theory He performed 
midthigh amputations on rats 12 to 15 days old and at necropsy, 19 to 25 
days latei, found a layer of cartilage which closed the amputation end of the 
bone, and assumed this to be a growth cartilage He did not state that it 
might have been caitilage of the callus repaiimg the cut end of the bony 
stump Selye concluded, without demonstiating evidence adequate to support 
his theories, that “the growth of very young bones is largely independent 
both of the pituitary growth hormone and of the denvatives of the epiphyseal 
cartilage anlage ” We also have attempted to either confirm or refute this 
hypothesis 

Methods and Mateno/s — Two distinct sets of experiments were per- 
formed, one on white rats and the other on rabbits Sixty-one animals, 15 
days old, weie used in the rat expeiiments The distal end of the left femur 
was exposed under ether anesthesia b}' reflecting the patella tendon, without 
stripping periosteum fiom the diaphysis Table I shows the piocedures that 
were then carried out 

Tadle I 

Group 

A Midfemoral amputation 

B Subtotal resection of lateral half of distal femoral 


epiphysis leaving the cartilage plate I3 

C Subtotal resection of distal femoral epiphysis 

leaving the cartilage plate 13 

D Resection of medial half of distal femoral epi 

physeal cartilage plate S 

E Complete resection of distal femoral epiphyseal 

cartilage plate S 

Total 61 


From Group A, one lat was sacrificed every second day from tlie seventh 
to the thiity-fifth postoperatwe day and the lemaining ten rats at nine 

* This studv was aided bj a grant from the Douglas Smith Foundation for Medical 
Research 


Number 
of Rats 
2S 
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weeks One rat m each of Gioups B, C, D, and E was saciificed at four 
weeks and the remaining rats at the end of nine weeks 

Results — Group A — Midfemoral Amputation The healing process i\as 
concerned primarily with the lepair of the defect at the end of the bone, and 
was not influenced by the angle of the resection as related to the long a\is 
of the femur Aftei seven days, a fibious cap containing areas of fibiocarti- 
lage cells closed the amputation end of the shaft Aftei 15 days this fibious 
cap had inci eased in thickness, and was microscopically similai to the callus 
of a healing fracture, containing fibious tissue, osteoid tissue, caitilage, and 



Tig I — Photomicrognph of m imputation stump 30 (]i\s 
after opeiation showing a callus t>pical of a healing fracture of ati\ 
aoutig hone which is preformed in cartilage The elements from 
the surface inward are (c) cartilage, (b) ossifying zone, (a) bone 
(X240) 

areas of calcification and ossification The predominance of proliferating 
caitilage cells in the callus across the end of the shaft of some of the latei 
specimen was striking (Fig i) We may leasonably assume that ^\hclt 
Selye legaided as a regenerated longitudinal growth disk was this caitilage 
of the callus of lepaii No length growth occuiied fiom this tissue in the 
rats of our expeiiments The complete microscopic analysis could leave no 
doubt that this cartilage was structurally and genetically identical uith that 
which IS commonly found in the callus of healing fractuies in extremely 
3^oung animals, or lepaii of defects of bones which are preformed in carti- 
lage Organization of the callus into mature bone nas complete m foui rats 
examined from the twenty-ninth to the thirt3’-fifth da3 After a peiiod of 
nine weeks, there was boity repair of all of the stumps, some of r\hich \\ere 
rounded and some conical 

Groups B and C — Subtotal Resection of Epiph3ses In these experi- 
ments, the lower femoral epiph3sis A\as exposed anterioil3' after latei al 

reflection of the tibiopatella tendon In Gioup B, the lateral half of the 

epiph3’^sis uas cut stiaight across distal to the ^\a^3’■ epiphyseal line leaMiig 

behind a small amount of bone that uas greatest along the outer aspect 

In Gioup C, the epiphysis \\as cut completel3 across, lea\ing small amounts 
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of bone at the edges and m the intermediary notch Resected portions of 
the epiphysis, including the articular cartilage, were not restored except for 
a small amount of pioliferation of the hone that was left behind with the 
formation of a bony cortex The defects were repaiied, m part, by dense 



Pic 2 — Photomicrograph of the distal end of a rat femur nine 
weeks following subtotal heraiexcision of the epiphjsis It shows 
fibrous tissue repair (b), some proliferation of bone of the ossifica 
tion center (c), but no regeneration of the h>aline articular cartilage 
locallj or by o\ergrowth from the unresected half of the epiphysis 
(a) The epiphyseal plate (d) is intact yvith normal longitudinal 
growth of the metaphysis (e) 

fibrous tissue In most cases of hemnesection there was overgrowth by this 
fibrous tissue with partial absorption of the articular cartilage of the remain- 
ing condyle The joint space was obliterated by fibrous adhesions Longi- 
tudinal growth of the diaphysis continued, providing the epiphyseal plate 
was not disturbed at operation (Figs 2 and 3) 

Group D — Hemiresection of the Epiphyseal Cartilage Plate When the 
medial portion of the cartilage plate was excised, a bony bridge formed be- 
tween epiphysis and diaphysis and growth on this side was arrested while 
longitudinal growth continued on the lateral side for a time This resulted 
in an increasing deformity, characterized by tilting of the condyles of the 
femur, until the plane of the articular surfaces formed an acute angle with 
the long axis of the shaft, creating limb shortening and a marked varus 
deformity of the knee (Fig 4 E) 

Group E — Resection of the entire epiphyseal plate including thin sections 
of bony metaphj^sis and epiphysis produced immediate arrestment of longi- 
tudinal growth from this end of the femur In four experiments there was 
bony union of tbe epiphysis and shaft, while m one nine-weeks experiment 
the epiphysis was ununited and markedly displaced on the shaft (Fig 4 D) 
The foui femurs from ^^hlch the junction cartilage was removed, were only 
about two-thirds as long as the normal controls at the end of nine weeks 
A second group of experiments (Table II) was performed upon 20 rab- 
bits, three days old They were sacrificed in from six weeks to seven months 
after operation 
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Table II 

Number of 
Rabbits 

Group (sdajsold) 

A Cartilaginous head of the right femur as excised down to the epiph> - 

seal plate 4 

B The entire head and part of the neck of the right femur were excised 4 

C The proximal one third of the shaft of the femur including the head 

and both trochanters was excised 4 

D The external capsule of the right hip was cut completely around and 

the ligamentum teres x\ as divided 4 

E The external capsule of the right hip was cut all the way around the 
ligamentum teres was divided and the synovial reflection on the 
neck was circumcised and stripped down to the intertrochanteric line 4 

Total 20 

Results — The results of these experiments weie similar to those in which 
young rats were used 

Group A — Resection of the cartilaginous head of the right femui, with- 
out injury to the epiphyseal line, did not interfere with longitudinal growth 
of the neck or of the shaft of the femur and the epiphysis did not regenerate 

Group B — After excision of the head and part of the neck of the right 
femui, the trochantei and shaft dislocated upward Subsequent loentgeno- 



Fig 3 — Photomicrograpli of the distal end of rat femur nine 
weeks after subtotal resection of the epiphjsis, showing fibrous 
tissue of repair (a) but no regeneration of articular cartilage 
Normal longitudinal growth of mctapb>sis (d) is occurring through 
intact epiphaseal plate (d) (X30) 

graphic and gross and histologic studies failed to reveal any evidence of re- 
generation of the head oi of the resected portion of the neck At necropsy, 
the proximal end of the neck ^as found to have healed o\er -with dense 
fibrous tissue The neck failed to develop, but longitudinal growth of the 
femoral shaft continued fiom the greater tiochanter In one experiment, 56 
days aftei operation, the distance from the tip of the greater trochanter to 
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the intercondylar notch of the femur showed shortening of only 2 Mm (Fig 
5 A), as compared to the opposite side 

Group C — Excision of the proximal third of the shaft of the femur, 
including the head, neck, and both trochanters, produced almost complete 
loss of function in the extremity However, the distal two-tlnrds of the 



Tig 4 — Roentgenograms of rat femurs showing repair of amputation stumps nine u eeks after 
operation The markers small sections of hypodermic needle stjlets indicate that no longitudinal 
growth has occurred from the fibrocartilaginous cap avhich formed early o\er the resected end of 
the femur 

B Roentgenograms showing *he defect resulting from lateral subtotal hemiexcision of the 
distal femoral epiphjsis nine weeks after operation, with the shadow of the patella (p) partl> oaer 
Ijing same The notch on the lateral side of the metaphjsis of Rat a resulted from surgical trauma 
to the epiphjseal plate 

C Illustrates the result of subtotal excision of the distal femoial epiphjsis In Rat i (four 
weeks) and in Rat 2 (nine weeks after operation) there has been no shortening of the diaplijses, 
but the epiphjses show no evidence of regeneration Patella of Rat 2 is indicated (p) 

D Complete excision of the distal femoral epiphjseal plate resulted in growth arrest and 
marked shortening After four weeks (Rat i) the epiphjsis (e) was fused to the diaphjsis A 
faint shadow of the patella (p) maj be noted In Rat 2 after nine weeks the epiphysis remained 
ununited and the end of the shaft healed with well formed bone (b) 

E Rat femurs showing deformity (a) four weeks (b) nine weeks after excision of the mesial 
portion of the distal epiphjseal plate The condjles are tilted obliquelj and there is marked short 
emng due to immediate growth arrest from the medial, and later, but still prematurely obliteration 
of the lateral portion of the growth disk 
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femui developed in length and bieadth to a surpiismg degiee, appi oximating 
that of the not mat In one expeiunent, aftei five months (Fig 5 B), the 
diametei of the shaft in the distal one-thiid of the femui was essentially the 
same as that of the contiol side and the condyles of the femui weie well 
developed The pioximal end of the shaft of the femui was found to have 
healed ovei with well-oi gain zed bone, resembling a conical amputation 
stump 



Fig s — A Roentgenognms of the control and operated femurs of n 
rabbit 56 da>s after e\cision of the head and pio\imal portion of the neck of 
the femur There has been no regeneration of tbe capital femoral epiphjsis 
Longitudinal growth of the shaft has continued from the greater trochanter 
epiphjsis, but there has been a loss of two Mm in length, as compared with 
the control 

D Sin. months after excision of the proximal one third of the femur, 
including the head and both trochanteric epiphyses, the arnputated end of the 
femur has healed across with well organized bone The condyles of the 
femur and the distal one thud of the shaft have developed to approximately 
a normal extent, but no longitudinal growth occurred from the cartilage of 
repair and no epiphysis was regenerated 

Group D— When the capsule of the light hip joint was cut completely 
aiound and the ligamentum teies divided, no definite mteifeience with the 
growth of the head and neck of the femui could be demonstiated These 
dislocated upwaid, but the femui continued to giow at a late compaiable 
to that of the contiol side (Fig 6 A) 

Gioup E — When, in addition to cutting the capsule all the way aiound 
and dividing the ligamentum teies, synovia and capsulai attachments weie 
sti ipped from the metaphysis, i c , neck, down to the intei ti ochantei ic line, 
gloss deformity occuried This was charactei ized by flattening of the head 
with shoi telling of the neck and what, i oentgenographically, appeared to be 
bone absoiption m the neck Aftei 46 days, the tip of the greatei trochanter 
was found to be above the level of the acetabulum, the mesial side of the 
neck shoitened, and there was marked coxa vaia (Fig 6 B) The appearance 
of this femoral head and neck is similai to Legg-Calve-Perthes’ disease and 
IS indicative of aseptic bone necrosis 
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Discussion — The results of these experiments may be interpreted as refu- 
tation of the conclusions of Selye Avith regard to the regeneration of a 
functioning cartilage plate which might contribute to the longitudinal growth 
of the bone following amputation m very young animals There was bony 
closure of the medullary cavity of the resected end, which became rounded 



Fig 6 — A Roentgenograms of pelvis and lower extremities of a rabbit 46 days 
after sectioning the capsule of the hip joint and division of the ligamentum teres The 
hip was dislocated upward, but the two femurs are the same length The head and neck 
of the femur ha^e continued to grow and have maintained a normal relationship with the 
shaft 

B Roentgenogram of a rabbit 46 days after section of the capsule and ligamentum 
teres and cvtensivc stripping of synovia and roft tissue attachments from the neck to 
the intertrochanteric line The flattened head shortened neck and areas of absorption 
in the metaphysis suggest Legg Calve Perthes disease indicative of aseptic bone necrosis 

or conical in contour The remaining shaft did increase m length by growth 
from the other end, and Mullen and Gatewood” have shown that over- 
growth may even occur at that epiphyseal line 

These studies furthei indicate that excision of the epiphysis, including 
the articular caitilage, but without trauma to the epiphyseal cartilage plate, 
IS followed b}'^ slight bony regeneration, but no articular cartilage and there 
IS no further longitudinal giowth of the epiphysis However, it causes no 
distuibance of longitudinal growth of the diaphysis 

This is evidence, although incomplete, which adds confirmation to the 
hypotheses of Nussbaum,^ Peyton,^ and Siegling,“ that the articular cartilage 
serves as a longitudinal growth cartilage for the epiphysis and is to the 
epiphysis wdiat the epiphyseal junction cartilage is to the diaphysis Since 
the articular surface is covered by hyaline cartilage, these results conform 
to the generally accepted theory which is to the effect that hyaline cartilage, 
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destroyed, does not regenei ate, but is replaced by fibrous connective tissue or 
fibrocaitilage, neithei of which can function as centers of giowth 

Haas® demonstiated that it is possible to curette out the ossification 
center of an epiphysis ^\lthout seiiously affecting eithei the growth of the 
shaft 01 of the epiphysis and in such cases this centei of ossification reforms 
Banks, Krigsten, and Compel e“ have recently reported the legeneration 
of epiph}seal ossification centei s in young children following their destruc- 
tion h}" p3mgenic (four cases) oi tuberculous (one case) infection, but in 
whom there had been preservation of varying amounts of their cartilaginous 
portions In each case, longitudinal giow'th of the shaft continued, and indi- 
cated the remarkable degiee of pieservation of the growTh cartilage disk in 
the piesence of extensive infection w'lthin the epiphysis itself 

Loss of any portion, howevei, ot the epiphyseal caitilage plate from injury 
results in partial to complete growth aiiest w^ith the development of de- 
formity and shortening of the involved extiemity If only a portion of the 
plate IS experimentally lemoved, a bony bridge forms, pioducmg prompt 
growth arrest at this point wuth giadually deci easing activity of the remain- 
ing untraumatized junction cartilage, until it, too, undergoes piemature 
fusion In each instance in which the epiphyseal plate was the focus of 
surgical attack, it was definitely showm, confiiming pievious reports by 
Haas, that this epiph}seal cartilage plate possesses no capacity for regenera- 
tion 


CONCLUSIONS 

(1) An epiphysis w'hich, mici oscopically, contains the elements of a growth 
cartilage plate and wdiich has the pow^er to contribute to the longitudinal 
grow'th of bones is not regenerated after complete excision in very young 
rats or rabbits Cartilage forms in the lepair of the end of the stump, but 
disappeais wdien the lepair is complete 

(2) The entile longitudinal giowth of the remaining segment of a long 
bone after excision of one end, as in the case of amputation, occurs entirely 
from the remaining epiphysis at the other end 

(3) Subtotal resection of all or one-half of the epiphysis is followed by 
slight regeneration of the bony centei, but no regenei ation of epiphyseal or 
articular cartilage and there is arrest of longitudinal grow^th of that portion 
of the epiphysis 

(4) Following injury or resection of the epiphyseal cartilage plate, the 
longitudinal growth of the shaft is either paitly or completely arrested If 
completely arrested, epiphyseodesis is established 
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INFUSIONS OF BLOOD AND OTHER FLUIDS VIA THE BONE 
MARROW IN TRAUIMATIC SHOCK AND OTHER FORMS 
OF PERIPHERAL CIRCULATORY FAILURE >= 
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JEFFERSON MEDICAL COLLEGE AND IIOSPITVL, PHILADELPHIA 

James F O’Neile, M D , 

DB?\nT\tE\T or SUIlGhln, BOWMAN GUAI SCHOOL OP MLDICINb AND BAPTIST HOSPITAL A\ INSTOS SALEM, N C 

AND 

Alison H Price, MD 

DFPAHTMENT op medicine, JEPFEBSON medical COLLEGE, PIIILADLUIIIA, I A 

PHILADELPin-V, Pa 

In FAILURE of the peripheral circulation lesulting from vaiious causes, 
the admmistiation of plasma or blood is often of gieat benefit When the 
cu dilatory depiession is maiked and of some standing it is difficult to intro- 
duce any substances into the ciiculation by the venous route Several factors 
operate to create this difficulty The diminution in blood flow, which m cer- 
tain vessels almost amounts to stagnation, leiideis it difficult to bring out 
the penpheial veins by the usual methods The peripheral veins themselves 
are collapsed because of the reduced blood volume and poor venous return 
If venesection is attempted, it is sometimes, even then, not possible to enter 
the veins, the walls of which may be in close apposition Even when the vein 
IS entered, one may not be able to inject fluid rapidly, the sluggish column 
of blood ahead prevents a rapid drainage of injected material with the result 
that further foiceful injection may lead, especially in children, to a “blowing 
out” of the vein at the puncture site All these difficulties which are the result 
of peripheral circulatoiy failuie also interfere with any attempts at re-estab- 
lishing the level of the blood volume, thereby helping to perpetuate the 
vicious circle Attempts to re-establish blood volume other than by the dn ect 
introduction of fluids into the circulation fail, because of the markedly slow 
absorption of such fluids by the tissues, undei these abnormal conditions 
During a stage when fluids are most urgently needed, one is left without 
ready access to the central portion of the circulation It has occurred to us that, 
under such conditions, the bone marrow offers the ideal site for the introduc- 
tion of fluids until the patient has i cached such a stage that the peripheral 
circulation is restored and access to the veins is again possible Since the 
marrow veins are sui rounded by a rigid envelope, they are less likely to 
collapse, and can probably withstand forcible injection without overdistention 
and leakage better than the poorly supported peripheral veins 

Substances injected into the bone mairow cavity are taken up immedi- 
* Submitted for publication November lo, 1941 
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ately into the venous circulation apparently unchanged ^ This method for 
giving fluids has been used in 72 patients to date, without any local or con- 
stitutional reactions - ^ Expei lence with the method m animals having failure 
of the peripheial circulation due to hemorihage® or m those undergoing an 
insulin leaction’^ impressed us with the desii ability of widening the applica- 
tion of this method to the commonly encountered states of acute peripheral 
circulatory failure as observed in the operating room, in obstetric practice, 111 
accidents, in industrial life or on the battlefield Since our experience is 
limited to such incidents as aie encounteied m general hospital practice, this 
report is intended to draw the attention of those in whose hands the method 
may find a greater application 

Fate or Colored Solutions Injected into the Marrow Cavity of 
THE Sternum — If 10 cc of green vinylite solution (a plastic material which 
solidifies on exposure to the air) are injected into the manubrium of the intact 
cadaver of, an adult man, the solution leaves the marrow at once, enters the 
internal mammary veins and most of it is found in the form of a rubbery mass 
in the right auricle The accompanying figure (Fig ib) illustrates the path 
traversed by the solution after it is injected into the sternum Injection of 
dyes into a cadaver can give only an approximate idea of their spread during 
life, because of the absence of the circulation The quick appearance of the 
dye in the auricle, however, serves to demonstrate the comparatively short 
distance between the sternal marrow and the right side of the heart Rapid 
introduction of fluid into this side of the heart, therefore, may help to restore 
cardiac output during acute peripheral circulatory failure, by increasing the 
volume of blood returning to the central portion of the circulation 



Fig la (For F:g ib and legends see opposite page) > 
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Technic — Details of the technic for introducing fluids into the sternal 
marrow have been described at length elsewhere - ^ Only such variations in 
technic that may be applicable in patients with peripheral circulatory failure 
will be mentioned here 

After the needle has been introduced into the sternum (or tibia) and 
marrow has been obtained by aspiration, the S3winge containing the material 
to be administered is inserted into the needle and the mateiial is injected as 
fast as the resistance offered to it will allow In conscious adult patients, 
rates of injection over 20 cc a minute aie usually accompanied by an unpleas- 
ant feeling of fulness in the sternum which passes off immediately after cessa- 


9 



Pig 2 — Arrangement for the rapid injection of fluids the bone marrou The blood ma\ be put 
in a burette or inverted flask held abo\e the le\el of the syringe thus making easier to aspirate blood 
into It All connections must be tight A set such as the abo\e including tuo complete marrow infu 
Sion needles (4 and 2 5 cm long respectnelj ) sterilized, maj be held m readiness in the central hospital 
sterilizing rooms or in emergencj stations for use at once when needed 

tion of the injection If it is contemplated to inject moie than 50 cc of fluid, 
much time may be saved by using a manually operated two-way stopcock with 
two thin-walled rubber tubes, one leading into the needle by means of an 
adapter and the othei tube leading into the resei voir holding the blood, plasma 
or whatever fluid is to be injected (Fig 2) By this means, it becomes un- 
necessary to remove the syringe f 1 om the stei nal needle every time it has to be 
filled If it IS felt that a more rapid late of injection is desirable than that 
obtained by using a single needle, two needles may be inserted at once in the 
sternum, one in the manubrium (above the angle of Louis) and the other 5 cm 
below it, in the body of the sternum Since the marrow cavity of the manu- 
brium and the body of the sternum seldom communicate, it is possible to 
inject matenal through an orifice in the manubrium without its coming out 
of another orifice made in the body of the same bone Care should be taken, 
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howevei, not to have both oiifices made in the same portion of the sternum 
unless the fluid is going in with the same piessuie thiough both of them 
Aftei the injection of the fluid is completed, the needle may be connected 
with a standard giavity infusion appaiatus If the patient has leacted from 
the state of collapse and the blood pressuie has iisen to a normal level, it may 
then be possible to use the peripheral veins 

The following cases illustiate the type of acute emeigency in which this 
method finds its greatest usefulness 

Case I — (From the service of Dr George J Bomes, Wilmington General Hospital, 
Wilmington, Del ) R S, a white giil, age nine, had her tonsils removed on August 26, 
1941, and went home the following day, apparently in good condition On August 30, 
about 10 p M , she began to vomit large amounts of blood and a few clots Dining that 
day the child had been unable to eat anything because of pain 111 the throat When 
admitted to the hospital she was having some bleeding m the postnasal space where a few 
large clots were observed After the clots were removed, it was seen that the bleeding 
came from the posterior pharyngeal w'all and was apparently controlled by packing 
During the night the child began to bleed again and vomited many clots Packing was 
again resorted to and seemed to control the bleeding At 2 30 A M the child’s condition 
became worse She was cold, pale, and her skin was clammy Her pulse was 170, weak 
and thready and her respirations 48 Stimulation was given and an attempt was made to 
give fluids intravenously but the veins of both arms and legs were collapsed and it was 
not possible to distend them by the usual methods When, after repeated trials, it was 
felt that it was impossible to introduce a needle into any of the veins, the blood was given 
through the sternum using a marrow infusion needle After aspirating a slight amount 
of blood from the sternum, the donor’s blood was given through the needle Three hun- 
dred cubic centimeters of citrated blood were infused followed by 200 cc of normal saline 
solution, in two hours and 50 minutes At 9 a m her temperature was 102° F, pulse 116, 
respirations 26 There was marked clinical improvement after the transfusion and the 
child was discharged three days later m good condition 

Case 2 — (From the service of Dr Garfield Duncan, Pennsylvania Hospital Phila- 
delphia, Pa ) E W , a diabetic colored woman, age 25, was m a deep coma when first ob- 
served by us The blood sugar was 530 mg per 100 cc of blood Attempts had been 
made to give insulin and fluids intravenously but, since the veins were collapsed, it was 
not possible to do it The patient had been given several injections of insulin intramuscu- 
larly, apparently without effect At 9 a m of December 30, 1940, a needle was inserted 
in the manubrium of the sternum and a small amount of blood-marrow mixture removed 
At 9 02 A M 120 units of crystalline zinc insulin were injected followed by an infusion 
of 1,000 cc of 5 per cent glucose at the rate of ii cc per minute At 9 16 the pulse was 
felt at the wrist and five minutes later it was 96 per minute, regular and of fair volume 
The patient came out of the stupor and answered questions The infusion of 5 per cent 
glucose was continued at the regulated rate of 8 cc per minute until the patient had 
received 1,500 cc m about thiee hours By ii am her circulation again began to fail 
but through a misunderstanding the insulin was given intramuscularly instead of through 
the sternal needle She died at 12 15 pm”" 

Case 3 — (From the service of Dr Frank R Lock, Bowman Gray School of Medicine, 
Baptist Hospital, Winston-Salem, N C ) M H , age 45, female, white On September 3, 
1941, at 8 30 A M this patient underwent a perineorrhaphy and abdominal hys- 
terectomy, under pontocame spinal anesthesia The operation proceeded without any com- 
plications The patient’s blood pressure was well maintained throughout, and she returned 

■’"This case was previouslj reported in greater detail in Surg , Gjnec, and Obst , 
73, 281, September, 1941 
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to her room in good condition Between 9 45 A si and i p m her blood pressure declined 
gradually until at i 15 a reading could not be obtained There was no evidence of hemor- 
rhage anywhere At i 30 P M it was possible to start an intravenous infusion of 10 per 
cent glucose (1,000 cc ) and 250 cc of plasma The impression was that the patient’s 
peripheral circulatory collapse was probably due to pontocaine The blood pressure re- 
mained low until the end of the infusion at 3 30 p m At 4 p m it was not possible to 
re-enter the veins and an infusion of 500 cc of blood and 500 cc of 5 per cent glucose 
was started through the manubrium of the sternum While the infusion was flowing m 
by gravity the blood pressure dropped to zero At this point the infusion apparatus was 
removed and the blood and glucose were injected through the sternum with a syringe 
Between 5 and 5 20 p m 400 cc of blood, 250 cc of plasma and 500 cc of 5 per cent 
glucose were injected through the sternum (total amount 1,150 cc in 20 minutes, or 
57 5 cc per minute) Administration of the fluid was continued by slow drip afterwards 
Two doses of digifoline (five cat units) were then injected through the sternal needle 
By 8 20 p M there were still signs of circulatory collapse, the abdomen was tense, the 
patient quiet and there was on palpation definite evidence of intra-abdominal hemorrhage 
At 8 30 p M the patient was taken to the operating room and the abdomen was reopened 
under light ether anesthesia There was a large amount of blood in the abdomen, coming 
apparently from the right broad ligament While the vessel was being located and tied 
the circulation was maintained by injecting 500 cc of blood through the sternal needle 
At the end of the operation the blood pressure was 140/80, it was then possible to give 
1,000 cc of blood intravenously (Fig 3) 

Case 4 — (Reported by courtesy of Dr Albert Davis, Camden, N J) M McG , 
female, white, age 32, had a large pelvic abscess which ruptured while she was being 
moved to the hospital on October 30, 1941 At 2 p m of flat da> a celiotomy was per- 
formed, there was extensive lower abdominal peritonitis Cigarette drains were inserted 
and 8 Gm of sulfanilamide were left in the abdominal cavity Immediately after the 
opeiation a transfusion of 500 cc of blood intravenouslv and 1,000 cc of salt solution 
by hypodermoclysis were given Her condition was fair then, but by late afternoon of 
the next day the patient was in profound circulatory collapse, the pulse was 148, scarcely 
felt at the wrist, the skin was clammy, the lips cyanotic Attempts to give her fluids by 
vein were unsuccessful for several hours , finally a needle was inserted into the vein but 
after 75 cc of blood was given no more would run in A marrow infusion needle was 
then inserted into the sternal manubrium and 425 cc of blood was administered by gravitv 
over a period of 75 minutes This was followed by 250 cc of 10 per cent glucose solution 
and 1,000 cc of 5 per cent glucose, or a total of 1,675 cc over a period of 13 and one-half 
hours At the conclusion of the intramedullary infusion the patient was visibly improved 
and it was then possible to administer all subsequent fluids intravenously For the fol- 
lowing five days the patient’s condition was critical but there were no more episodes of 
acute circulatory collapse and it was possible to give all further intravenous therapy 
without difficulty 

Comment — Much of the medication given at present to patients with 
acute failure of the peripheral circulation is ineffective because it is adminis- 
tered by intramuscular or subcutaneous injection Fluids, lapidly adminis- 
tered mti avenously, are often the only means of restoring the circulation to 
normal Though these principles are geneially lecognized, execution of the 
indicated measuies is often made difffcult or impossible by the very disorder 
of the circulation which requires tieatment Undei these circumstances, the 
delay involved in locating a vein and in the attempts to introduce a needle into 
it, may jeopardize any chances for recoveiy from the acute circulatory col- 
lapse Mhen all lequired equipment is available and ready, it should be possi- 
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ble to stait an intiamedullaiy infusion oi injection within less than three 
minutes after penetration of the skin b}’- the needle In contrast with vene- 
section no incision of the skin oi any special after-caie of the wound is 
necessaiy, no A'^eins aie ligated, thereby depiiving the patient of their use at 
some futuie time 

The method may be useful in the emeigency tieatment of mutilated patients 
or in those whose skin has been burned so widely as to make it impossible 


SHOCK FROM HEMORRHAGE 

EFFECT OF THERAPY WITH FLUIDS VIA STERNAL MARROW 

KH Fern 45 Abtfom HijslcTfc4i>mi^ 



to use the veins of the extremities Since the needle, once in place, remains 
fixed, it allows continuation of an infusion while the patient is being tians- 
ported fiom one place to anothei, without feai of displacing the needle 

Even though one is working undei pressuie of the existing situation, the 
precautions enumerated m detail elsewheie- ^ should be strictly observed No 
fluid should be injected unless manow is clearl)'- obtained by aspiiation 
Sturdy needles, prefeiably especially made foi the purpose, should be used to 
minimize the danger of bending or breaking Familiarity with the anatomic 
landmaiks should be obtained b)*^ practice on a fiesh cadaver 

SUMMARY 

In foui patients with acute failure of the peripheral circulation, the injec- 
tion of blood, fluids or drugs via the bone marron was followed by a prompt 
recovery from the state of collapse The inti amedullary route is indicated 
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whenever veins are not available and a rapid introduction of fluids into the 
central cii dilation is urgentty needed 
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The successful removal of an aiteiial embolus is sufficiently unusual to 
M an ant its i eport 

The most common souice of embolization of the aiteiies is conceded to 
be the left side of the heait ^ "■ About 50 pei cent of the cases ai e associated 
with mitral disease^ The localization of the embolus is most fiequently in 
the common femoral aiteiy The case 1 elated below illustiates the value of 
heparin and passive vasculai exeicises (pavaex tieatment) when combined 
with embolectomy 

Case Report — Hosp No 40-1875 A E, white, female, age 31, was admitted to the 
Medical Service of the hospital, June 17, 1940, complaining of abdominal pain, nausea, 
and vomiting of three days’ duration She was a known cardiac for four years, but 
had been without treatment for seven months prior to her admission Physical exami- 
nation revealed the heart enlarged to the left, with a presjstolic and diastolic thrill at the 
apex The patient was fibrillating at a rapid rate There were numerous moist rales at 
both lung bases The liver was moderately enlarged and tender There was no periph- 
eral edema The diagnosis at this time was rheumatic heart disease, with mitral 
stenosis and msufficieiicj , and auricular fibrillation The patient’s heart rate did not 
slow with digitalis She was then placed on quinidine and the rate dropped markedly 
On June 25, 1940, the patient complained of coldness and pain 111 both calves and 
numbness of her entire left lower extremity Physical examination at this time revealed 
absent pulsation of the dorsalis pedis artery Two days later, the pain in her left calf 
and foot became more severe The dorsalis pedis artery presented no pulsation and the 
pulsation of the popliteal was hardly perceptible Her left leg from the knee down was 
numb and sensation was absent The leg became cyanotic and cold There was a faint 
pulsation at the femoral artery just below Poupart’s ligament In view of this evidence, 
the patient was transferred to the Surgical Service that night, and an arterial embolec- 
tomy was performed by one of us (F W B ) 

Opeiafiou — Under local anesthesia, an incision was made along the inner aspect of 
the left thigh in the upper one-third of the course of the femoral artery The femoral 
artery was visualized and was found to be in spasm and not pulsating Stay-tags were 
put around it to control bleeding and the vessel was opened It did not bleed on opening 
A fine suction tube was inserted and suction applied There was no blood or clots 
removed from the proximal portion of the artery Some dark venous blood was obtained 
from the distal portion of the vessel The incision was then extended upward and the 
femoral artery was inspected at a level, one inch below Poupart's ligament There, the 
artery was found to be much more dilated and its walls were distended by thrombi An 
incision was then made over this portion of the femoral artery An organized thrombus 
was removed by forceps , however, active bleeding did not occur, so a glass tube was 
inserted to about the level of the bifurcation of the aorta and aspiration brought pieces 
of soft clot followed by active arterial bleeding Immediately thereafter, pulsation started 
and continued down to the site where the artery was first incised The wound was then 
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irrigated with heparin and the incisions of the vessel were closed by interrupted fine 
vasehned silk sutures The skin incision was closed with Stewart stitches 

Postoperative Couise — Upon returning from the operating room at i 30 a M , June 
28, r940, the patient w^as given 30,000 units of heparin This was repeated at 4 p M and 
8 30 p M The next four da>s the patient w'as giren 30,000 units of heparin per day The 
heparin was given with normal saline, w'hich was being administered by continuous intra- 
venous drip at the rate of 3,000 cc per daj On the da> following the operation, the 
leg appeared a little warmer The patient, however, complained of a great deal of pain 
The entire limb w'as then inserted into a pavaev machine, after which the patient 
appeared to be more comfortable The limb w'as kept in the machine for varying periods 
of time, from tw'o to four hours, three times a day The machine was set at two cycles 
per minute, with a positive pressure of 20 and a negative pressure of 60, so that the 
ratio of negative to positive pressure w'as 3 1 

On June 30, 1940, the foot appeared warmer than prior to operation, although still 
cooler than the other one It was not quite as pale The area of anesthesia extended to 
about five inches below the knee There were no palpable vessels in the entire limb 
except the femoral artery Examination three dajs later revealed sensation returning, 
and the foot was slightly w'armer However, it w'as still discolored, particularly over 
the heel A sloughing area appeared above the anterior aspect of the knee where the 
rubber cuff of the pavaex machine had been applied However, from this time on the 
patient progressively improved so that she was discharged, August 15, 1940, in good 
condition 

It IS not out purpose to completely leview embolectomy of the vessels of 
the extremities This subject has been well reviewed elsewhere ® 

The occurrence of an embolus induces a ceitain degree of spasm in the 
vessel wall involved The drop in pressure distal to tlie point of occlusion 
further diminishes the caliber of the lumen This, associated with the retarded 
blood flow, endangers the efficiency of the collateral circulation When the 
embolus becomes adherent, it injuies the mtima, this favois coagulation of 
the blood If this piocess continues, the extending clot may obstruct the col- 
lateral vessels 

The use of heparin as a physiologic anticoagulant is well outlined by 
Mason Best® has demonstrated how it pi events thrombosis After embolec- 
tomy has been accomplished, failuie to acquiie a cure may be the direct result 
of secondaiy thrombosis IMuiray® has demonstiated that heparin is nontoxic 
111 humans , that it is useful in diseases complicated by intravascular clotting , 
and that it will prevent thrombosis and clotting m blood vessels 

Since its propel ties have been demonstiated, many successes have been 
reported following its use Muiray" leports 440 patients treated 111 the hos- 
pital with heparin m whom thiombosis and emliolism did not occur He also 
reports 12 successful embolectomies 111 which heparin was used He suggests 
administering heparin at the time of operation and for three to four days 
following 

Herunann and Reid® ® have demonstrated the benefits derived from the 
pavaex tieatment This procedure can be carried out without discomfort or 
untorvard effects 

We agree with Lund^'’ that the best results are obtained when early 
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embolectomies are peifoimed Heanley^^ concuis in this opinion, but again 
emphasizes the advantages of¥eied by heparin 

Buinett^" peifoimed a letiogiade exti action of an embolus, howevei, 
without success 


SUMMARY 

This case illustiates the successful removal of an embolus fiom the 
femoial arteiy. 48 houis aftei the onset of symptoms, by a retrogiade suction 
pioceduie The success is fuither attiibuted to the combined use of hepaim 
and pavaex tieatment 

We wish to thank Roche-Organon for suppljing us with “Liquaemin” (heparin) 
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Chronic inci eased intracranial pressure has usually been combated by 
repeated tapping of the ventiicular system oi by continuous diainage into 
sterile gauze via a cannula oi catheter left in situ Both means of diamage, no 
mattei what precautions are taken, submit the patient to a iisk of sepsis In 
01 del to avoid this hazaid, a continuous closed system of drainage was devised 
It IS in no sense an oiiginal idea but meiely an impiovement upon vaiious 
devices that have been employed in many clinics 

This apparatus has been successfully employed as a temporary means of 
decompi ession where block has existed caudad to the foiamen of Monio Its 
use IS indicated when dehydration and inanition must first be dealt with by 
supportive measuies befoie opeiation can be undei taken It is furthei indi- 
cated when diffuse piessure clouds localization and ventriculography might 
prove to be too drastic as a first step in an investigation The difficulties 
arising from edema in a paitially removed malignancy and consequent block 
of the ventnculai system occuinng duiing a course of roentgenotherapy may 
often be sui mounted by this type of drainage It has fuither been of aid in 
judging the adequacy of skin for closure when removal of a laige menin- 
gocele IS contemplated in a case of arrested hydi ocephalus The meningocele 
may be gently collapsed, allowing an accurate estimation by manipulation of 
the surrounding skin When excision of such a type of meningocele has been 
carried out and closuie effected undei any degree of tension or by undei - 
cutting, it has proved to be of value m preventing spinal fluid leakage from 
or extiavasation beneath the wound 

Desaiptwn of Appaiatus * — The apparatus consists of a flanged, sterling 
silver cannula (A) which is blunt at the end, equipped with a stylet and 
thieaded adaptoi Cannulae have been made up m the following lengths 
4, 5, and 75 cm Light, tiansparent rubbei tubing connects the adaptor 
with a “three-way” stop-cock (B) and m turn with a 250 cc burette The 
burette is closed with a tightly packed plug of gauze Autoclaving is the 
preferable means of stei ihzation 

Opeiative Piocediiie — Bilateial posterior paiietal bur-holes are made 
undei novocain anesthesia, with or without the suppoit of avertin, depending 
upon the circumstances After the dura and arachnoid aie opened, a hi am 
needle is used to deteimme the depth of the ventricle With this knowledge, 
a cannula of suitable length may be chosen The wounds aie then closed 111 
layers, using black silk throughout The cannula with stylet m place is next 

* The cannulae were made by George C Gebelein, 73 Chestnut Street, Boston, l^Iass 
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placed thiough the closed ^^ound As soon as the stylet is withdiawn, the 
adaptoi IS thieaded into the cannula A squaie of gauze, which has been slit 
to Its midpoint, is placed between the flange of the cannula and the wound 
Seveial snnilai squaies aie placed above the flange Fluffs aie then wound 
loosely about the loii ei 3 cm of tubing m such a manner as to guard against 
contamination but yet avoid kinking 01 compiession The diessmg is secuied 
beneath a tuiban of woven bandage This is, m tuin, stabilized b} a chm- 
stiap of flannel secuied at mteivals with safety pins as far as the midline 
The tubing is then looped beneath a small safety pm in oidei to aAoid direct 
ti action on the cannula When the patient is placed in bed he should lie on 
the side opposite the cannula The buiette is hung on an adjustable aim at 
the head of the bed 

Should pieviously made bui -holes exist, novocain may be infiltiated and 
a small stab vound made down to the duia The duia should be pierced b)^ 
a No 18 lumbai punctuie needle, and enlaiged by the passage of a biain 
needle, used m ascei taming the depth of the ventricle The appiopiiate 
cannula may then be passed down tins tiact witbout tiauma The next steps 
haA^e alieady been desciibed It is also possible to pass the cannula thiough 
widely sepal ated sutuies in oidei to establish diainage, if pieviously made 
bui -holes do not exist, 01 if the making of bin -holes is conti aindicated 

Maintenance of Diainage — The patients are affoided great subjective 
lelief by this means of decompi ession Judgment concerning restraint of the 
patient’s aims must be made, depending upon the age and mentality of the 
individual It is wise to bolstei up all types and ages of patients on the side 
opposite the cannula to aA^oid compression or tension on the tubing Dough- 
nut-shaped lings of gauze and cotton aie of use m stabilizing the head and 
piotecting the dependent ear 

Cultuies and cell counts aie made bidaily Fluid is withdiawn as often as 
the 100 cc mark m the burette is reached, in older to prevent any possible 
contamination of the upper poition of the burette 

The toilet of the stop-cock is worth mentioning Except when in actual 
use, a sterile gauze coveiing should be over it Before withdrawing fluid for 
cell count and culture, the stop-cock is prepaied Avith ethei (3 5 per cent), 
iodine, and 70 per cent alcohol, applied in that order by means of saturated 
sterile SAvabs Cell counts aie taken aftei the first 5 cc of fluid have been 
Avithdiawn Cultures aie taken after 25 to 30 cc have been AvithdraAvn, m 
ordei to pi event inhibition of any possible growth by antiseptic solutions used 
in the preparation of the stop-cock 

SeAcnty-tAvo hours of diainage through one bui -hole is the maximum 
time advisable Sepsis has not occuiied Avithin this time limit m our experi- 
ence A flesh apparatus may then be set up, using the other bur-hole if 
further diainage is necessary 

Appi oximately normal mtracianial pressuie may be maintained by adjust- 
ing the burette holdei at the head of the bed at frequent intervals, in order 
to maintain the in vitio leA-^el of fluid at the level of the uppermost lateral 
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ventricle In this manner, the patient is spaied the sudden upsetting changes 
of pressure that occur when intermittent tapping is earned out 

In the hands of an alert house staff and competent nursing staft, this 
apparatus has been veiy easy to handle Children seem to realize the benefit 
It afifords them and seldom have revolted against it Obseivation by muses 



Plate I — Position of patient in bed with apparatus setup Note buretie plu5,ged with gauze hang 
ing from an adjustable arm A Siher cannula with threaded adaptor and stylet At Position of can 
nula in \entricular system and overlying dressing B ‘ Three way stopcock Bl Position of ‘three 
way ’ stop cock in system 

at ten- to 15-minute intervals has proved to be sufficient to waid off any in- 
equality of piessuie or slipping of the well-bolstei ed patient from position 
which might jeopardize the continuity of drainage 

We have desciibed this system of ventiicular diainage thinking that it 
might be of aid to others 
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AjNIPUTATION for osteogenic sarcoma of 

LOWER END OF FEMUR 

NINE- YEAR FOLLOW-UP OF TWO CASES 

Frederick W Solley, M D 
Nea York, N Y 

Case I — Hosp No 83115 H S, age 16, was admitted to St Luke’s Hospital, 
November 24, 1930, with a history of swelling of the right knee of three months' dura- 
tion steadily increasing This became painful one month before admission and during 
this period the pain increased Limitation of extension of the right knee developed and 
walking became more and more difficult There was no preceding history of trauma 
He had alwajs enjoyed good health 

Examination showed a fusiform swelling from the knee to a point about 12 cm up 
the femur This was hard and seemed to involve the bone only and not the overlying 
soft tissues No inguinal nodes were palpable There was 30° limitation of extension of 
the knee joint 

Operation was performed one week after admission, under nitrous oxide anesthesia 
A biopsj' of the bone growth was taken and a frozen section was reported as osteogenic 
sarcoma A high thigh amputation was then undertaken, and the flaps closed without 
drainage 

The postoperative course was exceedingly smooth and remarkably painless The 
stump healed pci piunam and he was discharged on the twelfth postoperative day He 
had no preoperative or postoperative radiotherapy 

Pathologic Examination — Path No 40815 Dr Leila C Knox The growth is 
largely of the spindle cell type but 111 many areas it shows the differentiation charac- 
teristic of periosteum The nuclei are not extremely numerous, are elongated or tri- 
angular in outline, and there is considerable myxomatous material between the cells 
There is also a moderate amount of collagen m very finely divided bundles Between 
these are occasionally very large nuclei, indicating a far more malignant type of growth 
than some of the fibrous areas would suggest In these large cells mitotic figures are 
occasionally to be seen (Fig i) 

The lining of the large cavity in the bone consists of tissue of the same type as 
that forming the main tumor mass Fragments of necrotic bone are included in this 
The sections do not show any osteoid tissue, but the close resemblance to periosteum 
indicates its osteogenic derivation (This case has not yet been registered with the 
Bone Sarcoma Registry ) 

Case 2 — Hosp No 83108 S G, male, age 22, was admitted to St Luke’s Hos- 
pital, November 21, 1930, complaining of pain in the inner lower right thigh, first 
noticed about eight months before admission Two months later he found a “slight 
swelling of the bone” m this area At first the swelling increased slowlj, but for the 
last three months it had seemed to grow much more rapidly There was no history of 
trauma preceding the appearance of the lesion During the two weeks before admission, 
he was given three roentgen ray treatments over the site of the lesion, at klemorial 
Hospital His previous history was negative except for the fact that he had had rheumatic 
fever at the age of 16 

Examination showed, on the medial aspect of the right thigh, just above the medial 
epicondyle, a bony tumor which was not tender and seemed definitely fixed to the underlying 
bone The overlying skin appeared normal and moved freely over the growth The 
growth was estimated to be about 3V cm in size Preoperative roentgenograms were 
not taken at St Luke’s as they had been made elsewhere On the da> after admission 
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a biopsy was taken of the growth This was reported as an osteogenic sarcoma of the 
femur Two days later, under nitrous oxide anesthesia, a high, right thigh amputation 
was performed, and the flaps were closed without drainage 

Except for a postoperative temperature of 104° F on the first day after operation, 
which gradually dropped to normal in a week, his convalescence was smooth The 
wound healed pet pnmavi except for moderate drainage of serum, and the patient left 
the hospital three weeks after the operation 

Pathologtc Examviatioii — Path No 40796 Dr Leila C Knox The growth is 
derived from the periosteum and is characterized by the formation of large quantities of 



Tig I Tig 2 


Fig I — Case i Photomicrograph showing the predomimnt tjpe of growth Large periosteal 
fibroblasts are arranged in a slightly laminated manner but differ from each other in size and 
shape and all of them are larger and more irregular than normal cells Structures resembling 
bone cells are seen occasionally Osteoid tissue is not included in this section (X750 ) 

Fig 2 — Case 2 Photomicrograph showing the tumor to be composed of large connectue tissue 
cells, very irregular in size, shape and arrangement many of them surrounding newly formed osteoid 
areas An occasional bone cell is included (X750 ) 

bone m a moderately cellular connective tissue matrix Some of these areas are 
extremely vascular, containing large blood sinuses, and around these bone is forming 
m small quantities In some places the walls of these sinuses are not lined with 
endothelium, but only with a connective tissue type of tumor cell There is only a little 
old pigment, but some of the sections show numerous endothelial giant cells There 
are also osteoclasts which maj be distinguished from the phagocytic cells In some 
areas the connective tissue is myxomatous and differs little from the normal In others, 
it IS distinctly cellular while in still others the nuclei are irregular, large and aplastic 
The growth is composed of about equal parts of osteoid tissue and of spindle cell con- 
nective tissue, and is unquestionably malignant (Fig 2) (This diagnosis has been 
confirmed by Dr Francis Carter Wood, but has not vet been registered with the Bone 
Sarcoma Registry ) 

He was readmitted January 24, 1936, four y'ears ago, because of a lump in the 
stump, first noted by him ten days previously Otherwise he had been entirely well 
Roentgenograms of the chest were made and proved to be negative 

On tbe day after admission, under nitrous oxide anesthesia, an incision was made 
over the mass which he had discovered in the stump This proved to be muscle which 
had apparently^ separated and retracted from its point of union with the other muscles 
in the stump A biopsy of tbe muscle mass was made and reported “regenerative 
changes in muscle, no tumor in sections ” 
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Discussion — Dr Francis Carter Wood (NeA\ York) Doctor Wood 
said that, with leference to Doctor Solley’s cases, one could use the old 
law term, “the thing speaks foi itself” The extensive bone destiuction 
and the moiphology of the tumors is perfectly definite On the othei hand, 
Doctoi Wood made the point that although the diagnosis was made in his 
oun laboratoi)'^, a bad habit has gioun up of making a diagnosis on most 
bone tumoi s and calling them "osteogenic sarcoma ” In Doctor Solley’s 
first case there was a peiiosteal spindle cell saicoma, and it would have 
been better to have so named it rathei than to have concealed the morphology 
undei the geneial term “osteogenic sarcoma ” The second tumor was rightly 
called osteogenic sarcoma, and interested Doctoi Wood veiy much because 
of the fact that the suigeon of to-day is assuming a position of hopelessness 
m the treatment of these bone saicomata Theie is nothing to be accom- 
plished by radiating them, inasmuch as osteogenic sarcoma, with cartilage 
production, is not susceptible to ladiation It is true that the salvage, even 
with piompt surger}'', is small, but if one continues to attempt to salvage 
these with i oentgenotherapy all will die These two patients weie snatched 
fiom inevitable death by fairl)^ piompt and extensive surgery and constitute 
excellent illustiations of the situation 
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REPOKT OF FOUR CASES IN SAME FAMILY 

Louis R Kaufman, M D , 

AND 

William T Clark, M D 
New York, N Y 

FROM TRI SUHGIC\L PATHOLOGIC SERMCES OF FLOWER FIFTH AI ENOE HOSPITAL (NEW TORE 'MEDICAL COLT EGE), 

NEW FORK N 1 

Glomus tumors have been recognized as a clinical entity since about 
1912, when Wood, of Edinburgh, desciibed several cases of “painful sub- 
cutaneous nodules” of the extremities In 1924 Masson^ published the first 
definite description of the pathologic and clinical characteiistics of glomus 
tumors He defined and described the histology and physiology of the noimal 
glomus with a demonstration of the curious neurovascular musculai struc- 
ture, and so established glomus tumors as definite entities Since his classic 
paper, the lesion has lieen thoroughly investigated An excellent and ex- 
haustive description of the condition, with a leview of the literature was 
published by Oughteison and Tennant- m 1939 

While it IS known that glomus tumois may occur anywheie in the body, 
a study of the liteiature reveals only one case of the lesion m the thigh The 
vast majoiity aie to be found m the uppei extiemity — the hand, nails or the 
fingers The glomus tumor has chaiacteristic clinical signs It is usually a 
small, supeificial pigmented nodule exquisitely tender and painful The 
nodule vanes fiom a few inillimeteis to a few centimeteis in size, always 
superficial, and since it is made up of blood vessels, pigmentation varies ac- 
coiding to its depth fiom a deep purple to vaiying shades of red, which may 
even be almost absent m the common subungual type The tumors aie gen- 
erally found on the extremities, commonly the upper and rarely on the face 
and trunk Since the time of Masson, the subungual form has been the 
classic type but these tumois are now recognized m many other regions, 
two cases having lecently been reported by Giauer and Burf* on the penis 
The most charactei istic sign is the peculiai severity of pain and tenderness, 
paroxysmal, agonizing throbbing and associated with modalities of unusual 
intensity b)^ changes m position, heat 01 cold, etc , and extreme sensibility to 
contact and pressure These typical findings, varying in degree, should serve 
to establish at least a piesumption of glomus tumor m the diagnosis of super- 
ficial vasculai tumors (fibroma, angioma, varix and malignant tumors) 

Clinicians have noted in the past that the lesions were often accompanied 
by the phenomenon of inci eased warmth throughout the affected area This 
lias not fully investigated however until 1937, when an excellent study iias 
repoited by Stabins, Thornton and Scott ^ They showed that the increased 
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tempeiatuie was appaient in the entne limb and not lestncted to the aiea 
of the tumoi Their suggestion was that the mechanism was one of vasodila- 
tation of the peripheial vessels due to a reflex, the efferent arc of which is 
not limited to the peripheral nerve field m which the sensoiy stimuli aiise 
Thus it would seem that the vasodilatation is excited by sensoiy stimulation 
which acts on the tiiggei mechanism This is unusual, in that the common 
effect of painful stimulation is one of vasoconsti iction It may be that the 


Fig I Tig 2 



Fig 3 Fig 4 

Fig I — Case Jlr D Showing scar on thigh following remo\al of tumor 
Figs 2 and 3 — Case Mr D Photomicrographs of lesion removed (X400 and Xioo, respectnely ) 
Fig 4 — Case Mrs J , age 31 Showing lesions on left upper arm 

nerve elements of the glomus aie pai asympathetic m nature or peihaps pre- 
ganglionic sympathetic fibers The surgeon should consider glomus tumoi 
when dealing with a highlj vascular, rather small tumor on the sui face which 
piesents seveie pam and tenderness peculiarly out of proportion to the size, 
distinction and appearance of the lesion All such tumors should be con- 
sideied as possible glomus tumoi s and the final diagnosis made by the 
laboiatoiy It is quite probable that the tumor is not as raie as the literature 
Mould indicate Many excellent clinicians are not familiar Mith the lesion 
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and many such tumois aie no doubt overlooked oi treated as vaiicosities, 
angiomata, etc 

Nothing has been suggested as to aity familial tendency in this condition 
In our stud}'^ we are piesenting four cases occuirmg m a single family The 
distribution was as follows (a) Paternal aunt — lesion on wiist (b) Sister 
— four on upper extiemity (c) Brother — one on thigh (d) Daughtei of 
sister — one on lower leg 

Only one case came to operation — that of the brothei, a medical student, 
age 22 He stated that the small discoloied area m his thigh was noted when 
he was an infant However, during the past eight years it had become more 
elevated and painful, the pain being shaip and of a cutting natuie, especially 
when the lesion was touched Examination showed a small bluish nodule, 
2 cm in diameter, on the anteiior surface of his left thigh This was re- 
moved surgically (Fig i) and the accompanying photomici ogi aphs reveal 
the morphology of the tumoi (Figs 2 and 3) The other members of the 
family showed similai lesions with the same symptom complex The sister 
(Mis J ), age 31, has thiee lesions in the legion of the left uppei foieaim 
and lower arm, and one on the doisuni of the pioximal phalanx 01 middle 
fingei (Figs 4, 5 and 6) The temperature leadings on Mrs J weie as 
follows 


Room temperature 71 5° F 

(a) Before immersion in cold water 


Fingers 

(nght) 79 5° F 

(left) 87 4° F 

Palm 

83 o°F 

88 o°F 

Wrist 

83 8°F 

88 d'F 

(b) Five minutes following immersion 


Fingers 

(nght) 74 6° F 

(left) 80 0° F 

Palm 

79 2°F 

84 o^F 

Wnst 

80 o°F 

84 o°F 

Readings on Ann J v, ere as follow s 



Room temperature 67 S°F 



Right foot 

76° F 


Left foot 

72° r 



After iriitation of the lesion the tempeiatuie of the right foot lose to 79° F 

SUMMARY 

We have presented cases of glomus tumois appealing in foui members 
of the same family The sites of occurrence aie lathei varied Tempeiatuie 
readings are presented in two instances, to illustiate the likelihood that the 
lesion produces tempeiatuie changes and that the glomus body exeits an 
influence in regulating suiface body tempeiature We feel that the lesion 
may not be as uncommon as supposed but that unfamihanty with the condi- 
tion by clinicians may have caused many tumois to be ovei looked and in- 
correctly diagnosed Facilities aie usually available to most suigeons for 
recording surface temperatui es, and m these tumors suiface tempeiature 
readings offei diagnostic aid This test determines that pain which is a 
piomment symptom of the lesion is associated with vasodilatation, we aie 
repoitmg the occuirence of glomus tumois m four membeis of the same 
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family presenting widespread distribution of the tumors, all of which present, 
however, lathei uniform and typical characteristics 




Fig s 


i iG 6 


Fig 5 — Cnse Mrs J, age 31 Showing lesion on dorsum o£ proximal phalanx of right 

middle finger 

Fig G — Case Ann J , age five Showing lesion on lower right leg 
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CENTRAL CHONDROSARCOMA OF THE FEMURS 

Robert H Kennedy, M D 
New York, N Y 

Central chondromata, oi cliondi omyxomata, aie common lesions m 
the small bones of the hands and feet, the ribs, and spine They are benign 
and usually single lesions According to Geschickter and Copeland^ “Tiue 
central chondiomata of the long bones are extiemely laie, and it is doubtful 
whethei such a diagnosis is justified on the basis of the roentgenogi am alone 
In iieaily 2,000 tumois of the bone there are but five well-established cases, 
and 111 these the resemblance is so close to malignancy m the 1 oentgenogram, 
and the tendency for the lesion to lecttr and to be cuied only by ladical 
operation is so gieat, that theie is little piactical haim 111 classifying these 
tumors as forms of chondrosarcoma ” 

For treatment, they lecommend curettement followed by adequate cauter- 
ization, eithei theimal, or chemical with 50 per cent zinc chloride Recur- 
lences m the case of large bones have followed this tieatment m about 25 
pel cent They advise postoperative ladium theiapy 

Case Report — J M , female, white, age siv, was admitted to the Stuvvesant Square 
Hospital (now the Skin and Cancer Unit of the New York Post-Graduate Hospital) in 
December, 1933 She was said to have commenced to walk at 14 months and to have 
w'alked normallj until about four years of age Since that time, tivo to three jears, she 
had had a left lower extremity limp which the child said was because it hurt her For 
about one vear before admission the parents had earned the child most of the time on 
account of the pain and limp There w'as nothing relevant m familj or past historj 

Examination showed no abnormalities except the left upper thigh, which was con- 
siderablj larger than the right, while the remainder of the extremity was smaller On 
palpation the enlargement seemed to be bon}', Avas smooth, not tender and with no m- 
flammatorA signs 

Roentgenologic examination shoAved a central lesion, involving the greater and 
lesser trochanters and extending three inches doAvn the shaft of the femur There Avas 
general expansion of the bone over this area Avith no break m the cortex except at one 
point AA'here there AAas a suggestion of an incomplete fracture The invoh'ed bone has 
translucent areas marked out by lines and particles of calcification aa'IiicIi give it a 
multiloculated appearance There is no evidence of periosteal inA'olvement (Fig i) 
The AA'hole skeleton AAas examined roentgenologically and no other lesion found Wasser- 
mann and Kline tests AAere negative Complete blood count, urine findings, and tempera- 
tuie AAere normal 

The diagnoses considered Avere EAA'ing’s tumor, giant cell tumor, bone CASt, and 
osteitis fibrosa cystica The case did not seem to conform to any of these 

Opciatton — ^Januar} 5,1934 An incision AA'as made over the great trochanter Noth- 
ing abnormal Avas encountered in the soft parts Through a small opening m the cortex, 
Avhich AAas not over one-sixteenth of an inch thick, tissue Avas removed for frozen section 
Grossh and microscopicall}, this seemed to be cartilage A larger AvindoAV AA'as then 
made on the outer aspect of the great trochanter and bluish-gra} , firm material Avas 
curetted out readih until apparentl} firm bone Avas felt on all sides A cavit} about 
4 xiy 2 Xi )4 inches AAas left inAohing greater and lesser trochanters, part of neck, and 

* Piesented before the NcAA^Yuik Surgical Societ}, December 6, 1939 
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upper third of shaft No cauterization was undertaken and no bone chips were inserted 
The periosteum and soft parts were sutured and a plaster spica applied 

Pathologic Examination — Mici oscopic Dr DSD Jessup Islands of cartilage 
with large cell spaces and a hyaline matrix, separated by small areas of fibrous tissue 
At one point scattered giant cells of foreign body type are found The decalcified sec- 
tions show thin layers of bone forming in trabeculae along the edges of the islands of 
cartilage There are a few osteoclasts (Figs 2, 3, and 4) The essential growth seems 
to be chondroma Pathologic Diagnosis Osteofibrochondroma 

Subsequent Coiiise — ^The plaster 
spica was kept on for four and one- 
half months It was then believed 
that there was sufficient bone regen- 
eration for all purposes except weight 
bearing A walking caliper, without 
hinge, was applied and was used up 
to one and one-half years after opera- 
tion We would not have removed 
it at that time, on account of insuffi- 
cient bone regeneration, but the child 
returned from the country, where she 
had been allowed to run about for 
several weeks without it, so we did 
not replace it We intended to give 
postoperative deep roentgenotherapy, 
but most of her first year and one- 
half was spent in the country and she 
never received but two treatments 
At present, she is being followed at 
six-month intervals with roentgeno- 
grams being taken annually When 
last seen, October 4, 1939, there was 
one inch shortening of the left femur, 
for which she was wearing a half- 
inch lift Function is complete The 
angle of the neck is more horizontal 
than on the right side, and there is 
outward bowing and thickening of 
the upper third of the left femur 
Bone regeneration has been slow and 
is far from complete The extent of 
the defect has seemed to correspond 
to growth of bone rather than to an extension of the process, although this is open to 
argument All three epiphyses at the upper end of the femur seem to have fused (Fig 5) 
The patient has no complaints and is in good health Follow-up must be continued 
indefinitely 

The case was submitted to the Registry of Bone Sarcoma of the American College 
of Surgeons (B S R No 1644) It is classified as osteogenic sarcoma, chondrosarcoma 
type, with good prognosis Among six examiners, two classified it as benign, one 
diagnosed central chondroma without expression as to prognosis, and three as poten- 
tially malignant 

SUMMARY AND CONCLUSION 

A case of cential chondroma of the femui, nearly six years after opera- 
tion, IS presented Although the microscopic appearance does not show char- 
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Fig I — Roentgenogram showing the central chondroma 
of upper femur 
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Fig 2 — S C Pith No 18990 Photomicrograph of islands of cartilage 
showing calcihcntion and bone formition aUo fibrous intervening stroma 
(X375) 



? Vr. 

^ ^ 




•W' 
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Fig 3 — S C Path No iSggo Photomicrograph of an area shotting a tery 
cellular stroma but ttithout mitoses Islands of osteoid tissue (X37S) 
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Fig 4 — S C Path No iSggo Photomicrograph of a fibrous portion of the 
tumor showing island of necrotic bone (XS?";) 


f 





Fig s — ^R oentgenogram showing the result fire 
years after operation 


acteiistics of malignancy, expeiience 
teaches that these cases must be con- 
sidered potentially malignant and 
should be followed clinically and by 
1 oentgenologic examination indefi- 
nitely 

Noie — Roentgenologic examination 
on July 8, 1941, seems to show no in- 
creased extension of the process The 
patient is in excellent health at this date 
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Discussion — Dr Philip D Wil- 
son (New York) said that Doctor Ken- 
nedy’s case was particularly interesting 
because it represented a diagnostic prob- 
lem, both from the clinical and pathologic 
standpoint, and also because it represented 
an astonishingly good result from treat- 
ment of an osteogenic sarcoma by local 
curettement Doctor Wilson said that, 
personally, he thought it wrong to use 
the term osteogenic sarcoma in a case like 
this, and that chondrosarcoma should be 
differentiated from osteogenic sarcoma 
In retrospect, some points about the roent- 
genographic appearance of the tumor seem 
to be suggestive of chondrosarcoma It 
uas not characteristic of bone cvst or 
of giant cell tumor, and the appearance 
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of striae with bits of irregular calcification giving a kind of lobulated, trebeculated picture 
were typical of chrondrosarcoina 

With regard to the pathologic diagnosis, no one bone tumor is more difficult to dis- 
tinguish with regard to benign and malignant characteristics than a chondroma Doctor 
W ilson recalled a case that was diagnosed as a centi al chondroma of the humerus , yet 
there were three different recurrences after local operation and finally a local excision 
was performed followed by the insertion of a bone graft That patient has now been 
well for about two years In this case the diagnosis was a chondroma, whereas in Doctor 
Kennedy’s case the diagnosis was chondrosarcoma and the patient has had no recur- 
rence after local curettement — a type of treatment usually unsatisfactory with a malignant 
tumor There is bound to be a good deal of disagreement as to diagnosis in a case like 
this Whether the tumor is called a chondroma or a chondrosarcoma, the difference is 
very slight, at least from the pathologic standpoint, but m view of the subsequent course 
of Doctor Kennedy’s case the tumor seems to have been a chondroma 

NOTICE 
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RANKIN-MIKULICZ OPERATION CLAMP 

Carl R Steinke, MD 
Akron, Ohio 

The Rankin modification of the Mikulicz-type of colon resection em- 
ploys a double crushing clamp with consideiable powei of compression Doc- 
tor Fled Rankin devised such an instrument but the blades do not open suf- 
ficiently wide to allow easy entrance of a heavy colon \\ ith a thick fat mesen- 
tery Also, it has lather long handles which aie sometimes inconvenient to 
leave on the abdomen 



Figs i and 2 — Pliotognphs of clamp de\ised for use in the Rankin modification of the 

Mikulicz colon resection 


The heiein described and illustrated instrument made by V Muellei and 
Company, of Chicago, Illinois, overcomes these disadvantages It is sim- 
ple of design and not too expensive The clamp is six inches m length, Muth 
a crushing blade foui and one-half inches long and one-quai ter-mch thick 
For the thick-Avalled boivel, \vith a heavy oi fat mesentery, a sciew-clamp 
applied to the distal end of the blades gives stiong compiession powei and 
secures the blades when this is necessary 

This instiument may also be used as a spur-clamp m the second stage of 
the double-ban el proceduie, similai to the clamp previously reported,’- by 
opening up one blade and mseiting one side of the clamp into each loop of 
the intestine It has a blade one inch longei than the spui -clamp formerly 
devised, Mdiich is a gieat advantage in patients ivith a thick abdominal wall 
01 long bowel loop 

REFERENCE 

Steinke, C R Mikulicz Operation Clamp Axnals or Sijrgfr\, 93, 1117, May, 1931 
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ACUTE PERFORATION OF LYIMPHOSARCOMATOUS ULCER 

OF THE STOMA-CH-^ 

REPORT OF A CASE 

John D Koeckt, M D , William C Beck, M D , and J Atlas, M D 

Chicago, III. 

FROM THE SURGICAL SER\ ICE OF THE COOK COUNTS HOSPITAL AND THE DEPARTMENT OF SDRGERl 
OF THE UN1^ ERSIT\ OF ILLINOIS, CHICAGO, ILL 

Increasingly frequent repoits of lymphosaicoma of the stomach and the 
consequent gam m clarity of the clinical entit}'-, should facilitate moie success- 
ful diagnosis m the futuie In spite of the raiity of the perforative lesions, 
three groups of these cases can be recognized in the published leports 
( I ) Lymphosarcomatous ulcer, perforating with the clinical picture of an ordi- 
nary perforated peptic ulcei, with a suppuiative peritonitis (2) Perforated 
lymphosarcomatous ulcer, with the clinical pictuie of a sealed, or joimes 
finstes ulcer, with a tiansient acute peiitonitis (3) Perfoiation of the tumor 
into the suiiounding stiuctures, with or without a sarcomatous peiitonitis, but 
without the opening of the gastric lumen into the peiitoneal cavity, to pro- 
duce a suppurative peiitonitis 

To be sure, the literature does not always lecognize the above diffeientia- 
tion and, as a result, the clinical concept has been somewhat confusing Our 
case belongs to Group I '\A^e have been able to find only two other such cases 
in the hteiatuie The first of these was reported by Davis, ^ whose case at 
autopsy showed a peif oration of a lymphosaicomatous ulcer on the posterior 
wall of the stomach, and the peifoiation of a similar lesion m the ileum, near 
Meckel’s diverticulum The second was Case 5 of Taylor’s- series This 
patient had two peif orations within 13 months At the time of the first 
peiforation, a biopsy was taken from a regional lymph node as well as fiom 
the stomach wall Both of these showed a typical lymphosarcoma of the 
1 eticulum cell type After the 1 epaii of the second perfoi ation the patient was 
given 1500 r units of 1 oentgenotherapy, and then refused further treatment 
He was apparently alive and well six years latei 

We have been able to find only two cases in the hteiature which appear to 
be of the second group or jo> mcs p ustes type of perforation One was re- 
ported by Keys and Walteis,^ m which the perforation was sealed off by the 
liver, and the othei was repoited as CaboU (Case History No 19401), in 
which the patient had a transient acute abdominal episode which was believed 
to be due to a lead colic At a latei date, an operation disclosed a lympho- 
blastoma of the stomach, which had apparently perforated and had become 
sealed off 

Of the thud group theie are many examples They give rise to the 
statements of Eusteiman and Balfour'’ that a large number of the gastric 
lymphosarcoma patients, who give histones of gastro-intestmal hemorrhage 

Read before the Chicago Surgical Society, April 5, 1940 
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have had “ulceration oi perfoi ation ” Similar statements have been made by 
Balfour and McCann/' Haggard/ Cheevei/ and Diane'* 

Balfoui, m a peisonal communication, emphasizes that the acute perfora- 
tions would be observed with gieatei fiequency m geneial hospitals than m 
clinics where most of the patients aie seen only aftei lefeience McNealy and 



Fig I — RoentRcnognm rmdc ufttr rccovtrj from the suture of the 
perforation, hut before the k istric resection Note the enter iiid filling 
defect on the greater curv iturc 

Hedin’^" have demonstrated the fiequency with which carcinoma of the stomach 
perforates, and have suggested the biopsy of all perforated gastiic lesions It 
IS possible that if this weie earned out, moie of the acute peifoiations of 
gastric lymphosarcomatous ulcei s might be found 

Case Report — Hosp No 24219 39 B Jif, white, male, age 14, was admitted to 
the Cook County Hospital April 30, 1939 He stated that on the previous eeenmg he 
had a sudden, sharp, steady pain just to the right of the umbilicus One hour later he 
took an enema with fair results Three hours later the pain had mo\cd to a point m the 
lower right quadrant His father gave him small amounts of whiskj which aggravated 
the pain He did not sleep during the night The ne-et morning he drank some orange 
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juice which he immediately vomited At noon there was a sudden relief of pain for 
about ten minutes, after which it returned with increased severity all over the abdomen 
The past historj was entirely negative, except that in the preceding week he had had 
two mild attacks of heart burn, which were relieved by soda The family history was 
negative for any kind of tumor 

Physical E lamination — The patient was a well-developed, well-nourished' boy who 
was acutely ill Temperature loi 6° F, pulse 88 Examination was negative except for 

Fig 2 



Fig 3 Fig 4 

Fig 2 — Photograph of stomach renio\ed Note the ulcerated tumor mass along the 
greater curaature of the stomach 

Pig 3 — Photomicrograph of a section of the ulcerated tumor of the stomach showing 
the edge of the ulcer (a) composed of gastric mucosa infiltrated with Ijmphocjtes also 
the necrotic base (b) of the mass under which are found numerous infiltrating tunioi 
cells (c) (X36) 

Fig 4 — Photomicrograph of a section of the tumor mass inrohing the muscularis 
propria Note the side separation of muscle bundles by the tumor cells (Xsbo) 

the abdomen The abdomen was flat, diffusely rigid, and tender, but this was most 
marked m both lower quadrants Rebound tenderness was diffuse Liver dulness was 
normal, and the abdomen was silent during a five-mmute auscultation White blood 
count 25,000, of which 90 per cent were polj morphonuclear cells The urine was normal 
and stool negatne for blood Because of the rapidity of the onset of the diffuse peritonitis, 
a tentatne diagnosis of rupture of a Meckel’s diverticulum was made, although a perfora- 
tion at the base of an acute appendix was thought to be more likely, because of the rela- 
tive frequenc\ of the lesion 

O pci a f 10)1 — Under ether anesthesia, a McBurney incision was made The peritoneum 
W'as acutely inflamed The coils of intestine were markedly injected, and there was 
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a large amount of turbid fluid containing fibrin and mucus The appendix was full of 
fecaliths and the serosa markedly inflamed It w'as removed, and examination disclosed 
that the inflammation w'as serosal onlj^ and secondary to the acute peritonitis The 
terminal ileum was explored, but no Meckel’s diverticulum found The wound was, there- 
fore, closed and a right rectus incision made A perforated ulcer of the anterior w’all of 
the stomach rvas found The crater of the ulcer was about i 5 cm m diameter and the 
perforation about 5 mm in size Tissue was removed from the ulcer foi biopsj, and 
the perforation closed Biopsy \vas done, both because of the location of the ulcer and the 
age of the patient The liver was normal and there were no enlarged lymph nodes 
palpable The convalescence -was uneventful 

Pathologic Examination — Mici oscopic Dr A Ragins “There are small bundles 
of muscle tissue separated widely by large hyperchromatic cells w'lth deeply staining 
round to oval nuclei The cytoplasm of these cells is verj’- small in amount and the cell 
membranes are only fairly distinct In addition to these cells, which are in the majority, 
one can see eosinophils, polymorphonuclear leukocytes, which are undergoing degenera- 
tion, and a few lymphocytes Pathologic Diagnosis Infiltrating lymphosarcoma of the 
stomach ” 

Two \veeks following the operation a gastro-intestinal roentgenologic study was car- 
ried out This revealed a rather large filling defect on the greater curvature of the 
stomach (Fig i) Roentgenograms of the spine, skull and long bones did not reveal any 
metastases On the 14th postoperative day, the blood count revealed a hemoglobin of 92 
per cent, 4 930,000 erythrocytes, 23,200 leukocj'tes, of which 74 per cent were neutrophils, 
2 per cent eosinophils, 18 per cent lymphocytes, and 6 per cent monocytes Daily stools 
were negative for blood The blood cevitamic acid was 0 5 mg per cent 

Second Opciation — On the Lventj^-fourth day after the first operation a transfusion 
was administered and he w'as leoperated upon At this time, the omentum w’as found to 
be adherent to the lesion This appeared as an ulcer in the antral part of the stomach 
No abnormal lymph nodes weie palpable A wide resection of the stomach was carried 
out, and a posterior gastro-enterostomy of the Polya-Reichel type performed The con- 
valescence w'as uneventful, and the boy w'as up on the eighth postoperative daj, and 
discharged to the ambulatory clinic on the tenth day 

Pathologic Examination — Gioss “Specimen consists of a stomach portion measuring 
13 cm in length and 10 5 cm in the greatest transverse diameter On the greater curva- 
ture there is a raised, firm nodule measuring 2 5x1 5 cm , the central portion of w'hich 
IS ulcerated (Fig 2) The ulcer measures i 5 cm by i cm The base of the ulcer is 
light grajs the edges are firm, but are freely movable in places, and light purplish-gray 
in color The folds of the stomach are distinct The omentum is adherent to the serosal 
surface of the lesion The lymph nodes are enlarged up to 20 mm and are light yellowish- 
gray on section Mici oscopic Sections removed from different portions of the stomach 
were studied Those from the serosal aspect reveal large numbers of lipoid-filled histio- 
C3'tes and multinucleated giant cells in the muscularis These cells w'ere seen around the 
recent sutures A section taken through the edge of the ulcerated tumor mass revealed 
a small portion of the mucous membrane infiltrated by round cells The base of tlie ulcer 
was covered by a necrotic membrane containing cells wnth a distinct eosinophilic cj toplasm 
Beneath the necrotic membrane are numerous lymphoid-like tumor cells which infiltrate 
the entire thickness of the wall of the stomach (Fig 3) In the muscularis propria the 
muscle bundles are widely separated by infiltration with the tumor cells (Fig 4) 

“The perigastric Ijmph nodes show a marked hvperplasia with small, distinctlj'' 
secondary lymph nodes In places, however, the tissue is composed almost wholly of 
lymphoid cells Pathologic Diagnosis Infiltrating hmphosarcoma of the stomach’’ 

Subsequent Coiiise — Since discharge from the hospital the boj has been reporting 
weekly for roentgenotherap\% and has been receiving 180-240 r units through four portals 
By October 25, 1939, he had received 7,200 r units The factors were 200 KV, w'lth 
0 5 mm of copper and i mm of aluminum filtration klore could not be administered 
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because of the patient’s susceptibility to roentgen sickness At this time, he is going to 
school, participating in athletics, and has no complaints He has gained 15 pounds since 
the operation Repeated gastro-intestinal studies have, thus far, not revealed any 
recurrence 

Comment — ^This patient represents an acute perforation of a lympho- 
sarcomatous ulcei of the stomach, with a diffuse purulent peritonitis It is 
noteworthy that the duration of the symptoms before the acute peiforation 
was only one week These consisted only of a mild heart bum When the 
symptoms of the acute perforation occurred they were similar to those of the 
perforation of a simple peptic ulcer This diagnosis was overlooked pre- 
operatively because of the age of the patient, and because the onset, though 
sudden, did not appear as severe as with the usual case of gastric perforative 
peritonitis 

SUMMARY 

(1) The term peiforation is used somewhat indiscriminately in the htera- 
tuie of lymphosarcoma of the stomach It would be wise to differentiate 
between the chronic, /oniic? f)ustcs, and acute peifoiations 

(2) A review of the literature has disclosed but two acute perforations, 
and two joi mes f> ustcs perforations This is in contrast to the often repeated 
statement that perforation is a common complication of lymphosarcoma of the 
stomach 

(3) Biopsy of gastiic peiforations may lead to the moie frequent lecogni- 
tion of neoplastic piocesses as the undei lying cause 

(4) A case of an acute perforation of a gastric lymphosaicoma is presented 
where the diagnosis was made from a biopsy at the time of operation Suc- 
cessful 1 esection was subsequently carried out 
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FORUM 

(At tides published in the Annals of Surgery do not necessanly lepiesent the 
opinions of the editois, even though they aie selected and published zvith editoital 
appioval Likewise, the editois may not necessanly be in agieement with cone- 
spondents whose coniniunications aie iinpoitant if only because they present stimu- 
lating opposition Since this impaitial point of viczv is vital to piogiess in science, 
the Annals or Surgery offeis this foiiiin foi peitinent discussions of leason- 
able length — Ed ) 

Re Abdominal Neoplasms of Neurogenic Origin — by Henry K Ransom, M D, 
and Earle B Kay, M D 


AND 

Diagnosis and Surgical Management of Leiomyomata and Leiomyosarcomata 
of the Stomach — by Frank H Lahey, M D , and Bentley P Colcock, M D 
(Annals of Surgery, 112, 700-746 and 671-686, respectively, October, 1940) 
ARTHUR PURDY STOUT, M D , NEW YORK, N Y 

“In the October issue of the Annals of Surgery there appear two articles on tumors of the gastro 
intestinal tract, to wit ‘Diagnosis and Surgical Management of Leiom>omata and Leiomyosarcomata of 
the Stomach, by Frank H Lahey and Bentley P Colcock, and ‘Abdominal Neoplasms of Neurogenic 
Origin,’ by Henry K Ransom and Earle B Kay This latter paper discusses tumors of reputed neuro 
genic origin in the mesenteric and retroperitoneal regions as well as in the gastro intestinal tract, but it 
IS to the gastric growths especially that I should like to call attention If one compares the illustrations 
in the two papers, one cannot fail to be impressed by the close resemblance between the gross appearance 
of the stomach neoplasms in the two groups, namely. Cases i (Fig 2) 3 (Fig p), 4 (Fig 12), and 5 
(Fig is) in Lahey and Colcock’s group, and Cases i (Fig 9 A), 2 (Fig 10 A), and 3 (I'lg ii A) in 
Ransom’s and Kay’s group Moreover, clinically, both groups show a marked tendency to ulcerate and 
give rise to severe hemorrhages This similarity was remarked upon by Dr Frederick A Coller when 
discussing the two papers at the meeting of the American Surgical Association, at St Louis, Ma> 2 1940 

"In my opinion, these are probably not two different tumors but are all neoplasms derived from 
smooth muscle, t e , leiomyomas In order to support this contention, it will be necessary to acknowledge 
an erroneous opinion published by me five years ago in a paper entitled The Peripheral Manifestations 
of the Specific Nerve Sheath 'Tumor (Neurilemma), Amer Jour Cancer, 24, 751, 1935 When studying 
the occurrence of this tumor in the gastro intestinal tract, I encountered an article by Cosset A , 
Bertrand, I , and Lowy, G Tumeurs pediculees de I’estomac dites sarcomes Jour de cliir , 23 577, 1924 
This pointed out that such tumors were made up of spindle shaped cells with a marked tendency to pali 
sading of nuclei and they insisted that such tumors were derived from nerve sheaths This paper 
influenced a number of French and some German authors and it also influenced me, so tint I included 
three gastric neoplasms among a group of 50 neurilemmas Since that time, I have studied a great many 
more neurogenic tumors from different regions, and also smooth muscle tumors of the gastro intestinal 
tract, and I am convinced that the vast majority of such growths come from smooth muscle and not 
the tissues of the nerve sheath Briefly, the reasons are these Neurilemmas are encapsulated — these 
tumors are not Nuclear palisading occurs just as frequently in smooth muscle tumors as it does in 
nerve sheath tumors, therefore, in itself, it is not diagnostic of either tumor These gastro intestinal 
tumors show no true division into solid Antoni type A tissue and type B tissue with its microcystic 
degeneration Edema and necrosis occur in smooth muscle tumors but they do not produce the 
microcystic effect Most important of all, if the tissue is properly fixed and stained, myofibrils can 
sometimes be demonstrated There are other reasons, but it would unduly prolong this communication 
to discuss them in detail 

“These remarks apply only to gastric cases Nos i, 2 and 3 m Ransom’s and Kay’s paper The 
descriptions given are perfectly compatible with smooth muscle tumors but in my opinion, cannot be 
interpreted as neurilemmas I believe that they have been misled by these tumors in much the same 
fashion as I was misled five years ago Since I am confessing an error of my own, which five years of 
study and investigation have taught me to correct, it seemed important to me to offer this critical 
suggestion so that the same error will not be repeated ” 

SHIELDS WARREN, M D , BOSTON, MASS 

“We are much interested in the similarity of the illustrations in the papers, ‘Diagnosis and Surgical 
Management of Leiomyomata and Leiomyosarcomata of the Stomach,’ by Frank H Lahey and Bentley R 
Colcock, and ‘Abdominal Neoplasms of Neurogenic Origin,’ by Henry K Ransom and Earle B Kay, 
which appear in the October issue of the Annals of Surgery 

“We have read Doctor Stout’s letter with much interest and gratification It is important that 
palisading of the nuclei, frequently a property of neurogenic tumors, is not, of necessity, restricted to 
them The frequency with which the nuclei of the normal smooth muscle of the stomach palisade to a 
striking degree is familiar to all those doing surgical pathology Consequently, it is not surprising 
that palisading is also present in the tumors derived from those same smooth muscle cells As Doctor 
Stout points out, the division into Antoni type A and Antoni typeB tissue is not clearly brought out 
In none of the illustrations is a Verocay body clearly demonstrated 

“While we do not deny that neurogenic tumors of the stomach may occur, vve feel that at least the 
first three cases of Ransom and Kay are probably better classified as m the smooth muscle tumor group ’’ 


Rebuttal to the Objections of Doctor Stout 

HENRY K RANSOM, M D AND EARLE B KAY, M D , ANN ARBOR, MICH 


We are pleased to have our attention called to Doctor Stout’s communication which concerns the 
differential diagnosis of neurilemmas and leiomyomas of the stomach, and which presents his most 
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FINNEY-HOWELL RESEARCH FOUNDATION, INC ^"ecember ToTi 

recent \iews on tins subject In \ieu of Doctor Stout’s painstiking studies extending o\er a period 
of nian> jears his opinions should be particuHrI> significant 

The gastric neoplasms described b> us in case reports Nos i, 2 and 3 and to which reference 
IS made were classified as schwannomas or neurilemmas (Cases i and 2) and neurogenic fibrosarcoma 
(Case 3) on the basis of the following microscopic findings 

(1) The presence of palisading of a characteristic t>pe This has been described in great detail 
b> Masson (Masson P Experimental and Spontaneous Sch^\annomas — Peripheral Gliomas Amer 
Jour Path , 8, 367, Julj, 1932) and, presumably, results from the longitudinal division of the Schwann 
cell nuclei 

The nuclear palisades are ensheathed within anastomotic collagenous prolongations which form 
a sjncytium which can be demonstrited bv Masson’s tiichrome stain SiUer stains show that this 
sjncjtium is argjrophilic 

While It is admitted that ner\e sheath tumors are not the only neoplasms exhibiting palisades, 
Masson and others contend that in those of neurogenic origin the elements of the palisade may be 
shown to possess the specific structure of the schwannian elements whereas in others this cannot be 
demonstrated 

(2) Whorling and interlacing bands or cords of cells, the appeirance of which depends upon the 
plane of the section through the nuclear bundles 

(3) A reticular t\pe of architecture, found in parts of the neoplasm and which results from micro 
cystic degeneration and edema 

When sarcomatous proliferation of these tumors occurs the original architecture may become 
largely destroyed and in such cases histologic differentiation becomes increasingly difficult The 
diagnosis then often depends upon the preservation in portions of the tumoi of the original architecture 

While a perusal of the literature will show that the histogenesis of the nerve sheath tumors has 
remained a controversial matter, the detailed descriptions given in the papers of Verocay Masson and 
others and the evidence presented by them, have seemed sufficientlv convincing to warrant the accept 
ance of their views 


riNNEY-HOWELL RESEARCH FOUNDATION, INC 

Announcement has been made by the Finney-Howell Research Foundation, Inc , that 
all applications for fellowships for next year must be filed m the office of the Foundation, 
1211 Cathedral Street, Baltimore, Maryland, by January i, 1942 Applications received 
after that date cannot be considered for 1942 awards, which will be made the first of 
March, 1942 

This Foundation was provided for in the will of the late Dr George Walker of Balti- 
more for the support of “research work into the cause or causes and the treatment of 
cancer” The will directed that the surplus income from the assets of the Foundation 
together with the principal sum should be expended within a period of ten years to sup- 
port a number of fellowships in cancer research, each with an annual stipend of two 
thousand dollars, “in such universities, laboratories and other institutions, wherever situ- 
ated, as may be approved by the Board of Directors ” 

Fellowships carrying an annual stipend of $2000 are awarded for the period of one 
year, with the possibility of renewal up to three years , when deemed wise by the Board 
of Directors, special grants of limited sums may be made to support the work carried on 
under a fellowship 

Applications must be made on the blank form which will be furnished by the Secre- 
tary or any member of the Board of Directors 

October 16, 1941 
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Feldchirurgil Lliteaden fur den Sanitatsoffifier dlr Wlhrmacht Edited bj 
H Kafer, M D , Second Edition Dresden Theodor Steinkopff, 1940 Price 9 Reich 
marks 

The title of this book is “Field Suigerj' A Guide foi Aledical Officers of the 
Military Forces” The book is just that' It is a pocket manual of 372 + xi pages, 
5^2 X 7 in m size, written for front-line surgeons It discusses matters of organization, 
transportation and general and special suigerj", of interest to medical officers in the combat 
zone, it stops at an echelon corresponding to our Evacuation Hospital The edition is 
dated September, 1940, and includes some material gathered from the rapid advance of the 
German armies through Poland The announcement truly states that it is not a textbook, 
but a short handy guide, to enable medical officers of the line and officers sui gically active 
in advanced units to form a rapid, reliable and comprehensive judgement of the vaned 
and sudden measures they maj’^ be called upon to undertake The editor and his staff of 
ten collaborating military surgeons have, on the whole, fulfilled their purpose admirablj , 
some chapters are outstanding, and few are less so 

The general part contains chapters on militarj' matters — organization, tactics, weapons 
and their effects, transportation — and on geneial field surgery (general technic in the 
field, first aid, infection, collapse and shock, anesthesia and hemorrliage) The second 
part IS a concise regional field surgeiy, treating of wounds of the cranium, the face and 
eyes, ears, mouth, jaws, the neck, the chest, etc 

The book is so concise, meaty and full of interest, especially to those with military 
experience, that it is not possible to comment sciiatiiii, on all its contents Some details, 
however, are especially striking to the American reader 

It IS noteworthy that the German Army seems still to maintain the rather divided 
medical echelons that it had prior to the First World War, whereas other armies have 
tended to omit units, or to condense them whenever possible Howevei, the chapter on 
organization does mention the need of flexibility in the establishment of various dressing 
stations and hospital units, and stresses the need of placing field liospitals further to the 
rear, which all observers in rapidly moving warfare are aware of The statement that 
field hospitals are scarcely useful unless they can maintain their position for at least a 
week, would indicate that the author was fortunate enough to have acted mainly with 
advancing rather than retreating troops Tlie same is true of the statement that onh 10 
per cent of men operated upon can be evacuated on the first postoperative daj, and a fur- 
ther 20 per cent on each of the succeeding days It seemed to the reviewer, during his ex- 
perience m the Spanish Revolution, that manj' wounded were more fit for evacuation im- 
mediately after operation than they were during the next two or three days succeeding 
Folsch’s chapter on general surgical technic is outstandmglv good, and is evidently 
the product of great practical experience and adaptability It is strange to find that he 
omits chloride of lime from his list of antiseptics, and that neither he, nor othei col- 
laborators, mention the Orr technic which other armies have found so useful 

The German mobile surgical team consists of eight men 5 sterile — i surgeon, 2 
assistants, i instrument helper, i dressing helper , 3 unsterile — i anesthetist, i roustabout, 
I sterilizer Few armies will be able to afford such abundance of trained personnel ' 
Active immunizations against tetanus and treatment of gas and anaerobic infection are 
not mentioned No mention is made of plasma transfusion , there is a short paragraph 
on the transfusion of preserved blood, but there seems to be no pro\ ision for blood-banks 
serving the front However, a note in the section on the choice of donors uould indicate 
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that each German soldier has his blood group determined and entered in the booklet he 
constantly carries on his person 

There is no space for comment on the section on Regional Surgery, it may, how- 
ever, be noted that Gohrbandt’s excellent chapter on abdominal injuries, although they 
make up less than 5 per cent of the wounds treated, is 55 pages long, while the chapter 
on extremity injuries, which make over 8o per cent, consists of only 26 pages This 
chapter is distinctly disappointing It is vague and lacks concrete and specific directions , 
It describes methods we are inclined to mistrust, or consider as antiquated, it fails to 
mention others (Willems’ treatment of joint injuries, Orr treatment of compound frac- 
tures, etc ), which we prize highly 

On the whole the book is an epitome of those qualities that have made the German 
military machine so successful — direct, short, explicit, complete One can but hope that 
a similar book may appear in English This little volume, supplemented by Franz’s 
classical small text, gives a doctor, called upon to perform military surgery in almost any 
position, nearly everything he need know Weightier volumes and small systems of 
surgery may interest students in military schools and leisurely officers at base hospitals — 
but Franz and Kafer are of real use where help is scarce and urgently needed, viz , at the 
front 

Leo Eloesser, M D 

Sulfanilamide and Related Compounds in General Practice By Wesley W 
Spink, M D Chicago Year Book Publishers, Inc, 1941 

This manual of somewhat over 200 pages contains a discussion of the sulfonamides 
designed primarily for the general practitioner It fulfills its purpose admirably It 
deals clearly and briefly with such fundamental problems as chemical structure in relation 
to anti-bacterial activity, mode of action, and pharmacologic behavior 

The main purpose, however, has been to answer the problems of choice of prepara- 
tion, diseases best treated, doses and toxic effects which arise daily m practice The 
local use of the sulfonamides in surgery, dermatology and dentistry is discussed Prophy- 
lactic use m a varietj of diseases is considered 

The book is written by an obviously careful, conservative and judicial author with 
personal experience in this field The fact that it is concerned primarilj' with sulfanila- 
mide, sulfapj ridine and sulfathiazole, and has little to say of sulfadiazine or sulfalylguani- 
dine IS not a criticism but merely a limitation inherent in any book dealing with this 
rapidly changing subject 

Kendall A Elsom, M D 
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